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PREFACE 


For a number of years, Unesco has endeavoured to assist Member States in 
perfecting teaching techniques and materials on a broader scientific basis, 
making particular use of the contributions of the psychology of learning. 

The continuing nature of this endeavour is demonstrated by the series 
of Unesco-organized regional meetings and training seminars devoted to new 
methods and techniques. Most recently two experimental regional projects 
were launched to develop the applications of programmed instruction in the 
reform of school curricula. One of these projects is being carried out in four 
French-speaking Central African countries, following a meeting of experts in 
Brazzaville (July 1969), and the other in Asia, following a preparatory 
meeting in Tokyo (February 1970). Prior to the initiation of these projects, 
a meeting of experts, which took place at Varna ( Bulgaria) from 19 to 
29 August 1968, pointed to the need for an assessment of the theory and 
practice of programmed instruction in the form of a book directed specifically 
to teachers and teacher educators. 

To prepare this book Unesco called upon Jerry Pocztar, Agrégé de 
l'Université, who is in charge of programmed instruction at the Educational 
Research and Training Centre, École Normale Supérieure de Saint-Cloud 
(France) and who directed the 1969 Brazzaville training seminar referred 
to above. 

The book is intended as a guide for teachers who wish to acquaint them- 
selves with programmed instruction; but it is also designed for those 
administrators or teacher-educators who will be involved in the development 
and promotion of this method of teaching. Of these readers, not all will need 
the same information. Administrators, for example, can acquire a good idea 
of what is involved in a trial scheme of programmed instruction in a school, 
and can help to ensure its success, without knowing particular psychological 
concepts. For the benefit of readers who wish to pursue this initial acquain- 
tance further, references have been listed at the end of each chapter indicating 
supplementary reading. A short general bibliography at the end of the book 
lists major works which can help teachers to pass on an understanding of 
programmed instruction to their colleagues. 


Tt is argued in the ensuing chapters that it is only through the practice 
of programmed instruction that the theoretical study of the subject can assume 
its real meaning. It is hoped that this guide may enable teacher-educators to 
lead teachers to the practice of programmed instruction, as a first step towards 
. scientific renewal of teaching methods. А 

It should be added that, consistent with the principles it expounds, this 
book will not be fulfilling its purpose unless it provokes feedback. From this 
first contact between teachers and Unesco’s fund of experience should come a 
stream of exchanges which could be reflected in the Organization s future 
programme. 
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INTRODUCTION 


The year 1954 saw the field of educational methods and techniques 
enriched by the advent of programmed instruction. From the 
moment it was introduced by the American psychologist B. F. Skin- 
ner, programmed instruction achieved great success and made 
rapid progress: large sums were made available to experiment with 
it and put it into practice; the industrial and commercial press 
publicized the advances and setbacks of this new method of 
teaching; and research workers and educationists alike sought its 
aid in order to improve the quality of teaching. Programmed 
instruction ushered in the era of the industrialization of teaching 
and educational research. 

With the advent of programmed instruction, books, machines 
and computers take their place alongside teachers at the conference 
table while teaching henceforth falls into the advertising domain 
and is bought and sold like any other product. 

The healthy state of programmed instruction would seem to 
justify defining it in terms of an advertising slogan, and it is not 
hard to imagine a publicity campaign replacing the formal training 
of teachers. 

The question: ‘But what is this programmed instruction which 
you keep talking about?’ would be answered by a poster or 
newspaper advertisement as follows: ‘The modern solution to your 
teaching problems!’ If a serious definition is required, we are as 
baffled as the philosopher who is asked to define philosophy. Like 
him we are tempted to reply: ‘Come and take a look at what I do.’ 
Such a reply may mean one of two things: either that programmed 
instruction is something practical and has to be experienced to be 
understood, or that it is merely whatever anyone wants to make of 
it. There is no shortage of definitions in the latter vein, from the 
broadest to the narrowest. For Professor Gagné, of Berkeley 
University, programmed instruction consists in making teaching 
models which take into account the initial and terminal response 
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of the student, are graded in accordance with a detailed schedule 
and permit intermediate assessment of the strategies employed. 
This definition is somewhat lacking in clarity for a layman unless 
placed in its doctrinal context. The same observation could, of 
course, be made about other definitions. Hence, rather than supply 
some new definition which would satisfy nobody, we propose 
‘to take a look’ and thereby give everyone the information he 
needs in order to construct for himself a satisfactory definition. 

Skinner himself put forward his invention as a solution to the 
problems of the shortage of teachers and the increase in the 
number of students which were a source of concern to all countries. 
Although this hope has not been fulfilled, fifteen years later the 
rapid growth of programmed instruction and the general interest 
it has evoked are sufficient proof that it possesses merits other than 
those which make or mar a fashion. More will be said later about 
these qualities of programmed instruction which explain its 
ever-increasing success, qualities which Skinner regarded as of 
secondary importance or did not even suspect. In any event it is 
certain that the foci of interest have altered and diversified. 
However, the problems of teaching are still with us and as regards 
both quantity and quality are becoming ever more acute. It is of 
course teachers who feel these problems most acutely. 

There are many who are over-enthusiastic about these tech- 
niques which promised an increase in efficiency. Others, on the 
contrary, have reacted warily, fearing the teacher would be 
supplanted by machines which would ‘depersonalize’? education. 
In fact, *it may realistically be supposed that the development and 
use of computerized data processing will be beneficial to teaching. 
There is a danger, however, of seeing the climate created by the 
use of computerized data processing and its extension, programmed 
instruction, invading and dominating education to such an extent 
that there might grow up, in addition to the desired adjust- 
ments and changes, a wholesale, uniform and to some extent 
unpredictable mentality—that of the mechanized approach. 

"Perhaps the sway of reason itself can only be saved if we retain 
in teaching relationships a certain degree of irrationality, to match 
the rich variety of human personality’ [1].1 

There are yet others, whose ideas should not be underestimated, 
who in the name of what they call ‘realism’ have expressed con- 
siderable reservations: what means will be employed to train 
teachers in these techniques and to plan their large-scale use? 


1. There is a list of references at the end of each chapter; the number in brackets refers to the work 
quoted. 
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An exponent of programmed instruction almost invariably 
finds teachers giving vent to restrained or open scepticism, whole- 
sale pessimism or unqualified enthusiasm. By dint of constant 
repetition these reactions eventually lose their impact and the 
exponent is often tempted to pass judgement on the ability of his 
audience to accept innovations. Reactions from all sides show 
significantly that the introduction of new methods implies a change 
in habits which goes against the grain of old and entrenched 
attitudes. There is an increasing desire to bring about these 
changes in attitudes. Programmed instruction also calls for such 
changes and if suitably presented can help to bring them about. 
The changes which it implies for teachers do not mean a radical 
break with the principles which guided them in the practice of 
their profession. On the contrary, it opens up new prospects, wider 
Opportunities for putting those principles into effect. 

The reality of programmed instruction is quite different from 
what is imagined and in no way justifies any of these extreme 
attitudes even though there may be grounds for legitimate fear or 
satisfaction, and even though many problems it claimed to solve are 
as yet unsolved. Somewhere between apologetics and indictment, 
and even though there is a good deal to be said on either side, 
there is room for more objective appreciation. But it should be 
emphasized that this objectivity is not readily acquired, nor is 
any easy way to it offered here. To arrive at it one must make a 
critical and informed analysis of the theories and techniques of 
programmed instruction, comparing them with other teaching 
techniques and with the general principles of teaching which 
centuries of experience have revealed. 

This wealth of precautions and preliminaries may be found 
Somewhat frightening. There is no cause for alarm, The practical 
side of programmed instruction can be mastered in less than a 
month. And a broad view of the theoretical references can be 
gained by reading through two or three books and a few journal 
articles. In other words, nothing in the training which programmed 
Instruction requires resembles an initiation to the mysteries of 
Some new rite, Neither in theory nor in practice is it the preserve 
of specialists. On the contrary, the teacher ought to be proficient 
in both, for he alone can put them to the test. Those who are 
at first impressed by the seeming complexity of programmed 
Instruction are often deluded by the specialized language or 
jargon which cloaks the simplicity of its principles and ideas. 
It could all very well be included in the teacher-traming aieo 
but this often seems a gamble, since the very title eere 
Instruction’ is already somewhat off-putting. The second wor 
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is easily understood, but what, on the other hand, is hidden behind 
the first, redolent as it is of so much that is unfamiliar. It is im- 
portant to avoid being impressed by the words; ‘programmed’ is 
merely a qualifying adjective and its significance lies in how it 
changes the nature of ‘instruction’. These changes are real. If they 
are only on the theoretical level then they will be of little impor- 
tance to teachers, who will not see their effect. If they are apparent 
in the class-room, then teachers and pupils will be the first to judge 
their impact, though they will have to use them properly. But 
before we can envisage this happy state of affairs, some general 
reactions which may prevent its ever occurring must be overcome. 


THE USES OF TEACHING MACHINES 


Teaching machines are credited with greater uses and capabilities than they 
really have. Both enthusiasts and critics are responsible for this. The 
former claim that they can teach, since what is taught can be 
analysed and therefore be disseminated by a machine. The latter 
assert that how something is taught is as important as what is taught 
and that automation is deadening. Who is right? No one is in 
a position to judge: it is impossible to analyse completely what is 
to be taught, and it is therefore difficult to find machines which 
can automate the transmission of what is to be taught; consequently, 
if there is no actual automation, there can be no deadening effect. 
There are, however, machines which can help us to confront the 
ever-increasing numbers of students. How can they be used to im- 
prove the quality of teaching also? We still do not know. But this 
does not mean we shall never know, nor that nothing can be done 
until we do. Numerous experiments have already been carried out, 
and even if we are still short of the goal in respect of both quantity 
and quality, at least the problems can be more clearly seen in all 
their complexity. In the search for realistic answers which satisfy 
both the demanding teacher and the national authorities, pro- 
grammed instruction will make a significant contribution. The 
polemics of enthusiasts and detractors alike are thus pointless on 
the level on which they argue. They ought therefore to be invited 
to attend to the problems arising from the present experiments: 
they will discover fairly quickly that their opinions are not as far 
removed from each other as they thought. A look at the experi- 
ments which have been conducted will reveal that the subjects or 
concepts which can be analysed (‘programmed’) and taught by 
machines are not necessarily those originally imagined. 

Similarly, when a particular subject is taught by a machine, 
it is found that the teacher, far from being excluded from the 
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teaching process, becomes an even more vital part of it. There is 
as yet no evidence whatever to suggest that the conflicting claims 
of quantity and quality will pose a threat to the teacher or make 
him redundant. On the contrary. . . - 

It is true that machines can take over certain tasks of the teacher such as 
the transmission of knowledge, the immediate correction of 
mistakes, drill, etc. But can it assume them all? This question 
raises in some minds another fear which is expressed more or less 
as follows: teaching machines—books, display devices or compu- 
ters—ought to enable the child to learn on his own. The efficiency 
with which they do so will be in inverse proportion to the number 
of functions they assume. Thus they will only be able to reproduce 
a very diluted form of the teacher-pupil dialogue. The more 
unsophisticated the machine, the less it will be able to take the 
place of the teacher giving a lesson to his class. 

A vital distinction must be made here. It is sheer common 
sense: the ‘machine’ is merely an ‘aid’ to the lesson. The pupil 
learns his lesson through use of the aid, The more complex the 
aid, the more complicated will be its use. For convenience sake 
we will therefore call the device in question an ‘aid’ and the lesson 
which it can present a ‘programme’. This distinction reveals a 
characteristic of programmed instruction which could form part 
of its definition: it can be said to involve techniques which enable 
a ‘programme’ to be constructed and then entrusted to a certain 
kind of ‘aid’ which will fulfil the role of ‘teaching machine’. 


CONTENT OF THE PROGRAMME 


The content of the programme and the way in which it is arranged 
may be affected by the nature of the device or aid. This consider- 
ation will assist us in examining more closely the objection already 
mentioned, which amounts to emphasizing that recours® to an aid, 
however elaborate it may be, impoverishes the teaching process 
by dissociating its elements and thus sacrificing its unity. It is true 
that there is dissociation of the different elements of teaching. 
However, to conclude that this dissociation results in impoverished 
teaching is to prejudge the way in which the aid and its pro- 
grammes will be used. Why is this a hasty conclusion? Here again 
it is possible to give a direct and detailed answer but there r c 
guarantee that the information supplied by way of answer wi" De 
given the careful consideration required for reader acceptance. 
The teacher-educator will frequently note the constant pos 
üon with preserving the advantages of teaching as а unity. s 
Concern is not to be despised, but when it relies on argumen 
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such as those above, it illustrates a form of unwillingness on the 
part of teachers to face up to the demands which the use of new 
techniques makes on them. Before the advent of the spinning- 
jenny, the weaver with his coiled thread produced cloth by a series 
of intricate movements which he performed very well. To increase 
production these movements had to be analysed and distinguished 
and in this way it was possible to allocate each of them to a different 
element of the machine. The breakdown of the movements and 
the separate elements of the machines brought about higher 
productivity. Why should the same not be true when there is a 
need for the ‘mass production’ of better-educated students? The 
spinning-jenny did not affect the quality of cloth but the quantity 
produced was enormously increased [2]. It is possible to imagine 
that the mechanization of teaching might produce similar results. 
It is instructive for the teacher-educator to express the objections 
in these terms, because these questions raise others which are 
closer to those facing research workers today. It is easy to see how 
far weaving is removed from teaching. The components of cloth 
are well known and an observer can clearly distinguish the move- 
ments of the weaver. Are we, however, as familiar with the pupil 
as we are with the threads of a piece of cloth? Are we certain that in 
giving a lesson the teacher weaves one by one the individual threads 
of knowledge? These are the two goals programmed instruction 
has set itself in order to stand up to comparison with traditional 
methods. On the one hand it asserts that it is possible to define the 
potential of the student in relation to what he must learn. On the 
other, it claims to supply the methods and means of providing this 
tuition with a ‘productivity’ comparable to that obtained in 
industry. A metaphor will indicate how far short of these goals 
contemporary research still is: ‘upstream’, behind us as it were, 
programmed instruction undertakes to define a student’s nature 
and potential in relation to what he must learn; ‘downstream’, 
still ahead of us, it indicates the actual tools to impart this know- 
ledge. In between flows the river, representing the teacher at one 
with his pupils, his subject and himself! As we shall see, in its 
course it often meanders, not infrequently disappears altogether 
and when it re-emerges one is not always sure whether it is the 
same river or not. 
Some will claim that we are taking excessive precautions to 
anticipate teachers’ objections, but experience has confirmed that 
great weight must be attached to them. Many failures in pro- 
grammed instruction derive from prejudices which have not been 
completely eradicated rather than from difficulties inherent in its 
techniques. Teacher-educators, school administrators and teachers 
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must be aware of them since they must answer these objections and 
promote new attitudes both in teachers and in students. Indeed, 
one of the criticisms is the danger of setting teachers and school 
administrators at loggerheads. 

Programmed instruction is merely one of a number of teaching 
aids, but its use will revolutionize school lessons since students will 
work by themselves at their own pace. Moreover, if there is to be 
a continual assessment of attainment and if progress from one 
class to another is based on these results, this will mean the end of 
the time-table which is carefully planned in the autumn and then 
followed to the end of the summer. All this is implied, as is shown by 
even the most elementary application of programmed instruction. 
There is no reason to suppose that this will result in complete chaos. 
On the contrary, it would appear that the more effort that is made 
to adapt to the individual student, the greater must be the diver- 
sification of methods and means; but it also seems necessary that 
teachers and administrators should plan the work in a more 
co-ordinated and structured fashion. 

Teacher-educators cannot but endorse these objections. The 
teachers who voice them are anxious to know how to use pro- 
grammed instruction and they easily foresee the difficulties they 
will have within the school or college in which they work. They are 
aware, and rightly so, that willingness, necessary as 1t 15, 15 not 
everything. The problem which then arises is one of means, and 
this is even the very crux of the matter. Indeed, what benefit will 
teachers gain from a training which they will not have the oppor- 
tunity to put into practice? This question can be answered in two 
Parts: (a) we are convinced of the value of programmed instruction 
11 teacher training, even if the teachers are not destined to use 
Programmed lessons themselves; the costs, on this level, are low in 
relation to the benefits; (b) once one is dealing with actual use in 
Schools, the objections do indeed assume their full weight. They 
Will be considered again when we come to define the conditions 
under which programmed instruction can be used to give pupils 
the advantages (economy, efficiency, adaptability, etc.) it holds out. 

We shall endeavour, on the basis of a concrete example B] 
to define these conditions, bearing in mind that they must R 
into account local circumstances. It will, however, badae the 
local teacher-educators and administrators, once they have seen 
the different possibilities offered them by programmed instruction, 
to make a choice among them. 
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THE HISTORY OF PROGRAMMED INSTRUCTION 


For the benefit of teacher-educators, frequent reference will be 
made to the objections, reservations or misunderstandings which 
they may expect to meet when themselves describing programmed 
instruction. One way to forestall these objections is to recall the 
historical background. Although this background may have very 
little to do with the theories and techniques of programmed 
instruction, it helps us to understand their development and their 
success. The present introduction will provide a broad outline; 
Chapter I will be devoted to the basic psychological principles 
which led to the invention of programmed instruction by Skinner; 
Chapter II indicates the lines along which these principles have 
developed into different types of programmed lessons; and 
Chapter III describes programming techniques and the part 
played by team work. Lastly, Chapter IV suggests certain guide- 
lines for launching a programmed instruction project, pointing out 
some of the major problems which can be expected to arise. 

First, some historical facts. Programmed instruction is too recent 
an invention to reveal anything more than wavering trends or 
tendencies in its evolution. Curiosity in regard to the theory and 
the resulting new terminology has frequently concealed the real 
reasons for its seemingly spectacular development. The general 


Galen or Socrates, programmed instructi 


as being the invention of the American psychologist, B. Е. Skinner. 
| с 1 NM s 
The terms instruction’, ‘teaching’ and ‘education’ 


1, everyday word ‘programme’, this 


specific and more popular. We are all familiar with the ewer 


usage, which relates to concerts, theatres, radio or television, 
The programme provides a descriptive notice of an event which is 
to take place. The significance is not the same for the organizer or 
the producer as it is for the viewer or the listener. In fact, for the 
organizer, a ‘programme’ specifies the detailed schedule of a 
number of co-ordinated actions and the allocation of roles and 


16 


Introduction 


The word has gradually assumed another usage in the worlds 
of technology and industry. Thus we speak for example of pro- 
duction and sales programmes which are liable to alteration in the 
light of the results shown by periodic statistics. This alterability 
gives the notion of a ‘programme’ a new dimension: the plan for 
carrying out an activity in the light of preceding results [4]. 

A programme only takes on this dimension to the extent that 
it can be based on methods and instruments which can gauge the 
state of the medium in which it must be carried out and which 
it must alter. 

In the field of information theory, ‘A computer acts on a set of 
instructions which are collectively known as a computer pro- 
gramme. Each computer instruction is a minute step in the 
calculation and each computer programme a unique combination 
of many thousands of individual instructions which, in combina- 
tion, cause the required calculation to be performed on the data. 
... Once established it is available for repeated изе...” [5]. 

As far as the teacher-educator is concerned, he will have found 
in these definitions many elements which call to mind the one 
which teachers are up against every day. For the teacher, a ‘pro- 
gramme’ (or syllabus) is what he has to teach his students. In 
France, for example, the teacher learns precisely what he is to 
teach his students from the official Programmes et Horaires (syllabuses 
and time-tables) which determine the syllabus for the courses and 
the amount of time to be spent on each, In many cases he is also 
told the order which he must follow. The methods to be used are 
also suggested in the Instructions Officielles. The instructions and 
programmes thus provide him with a framework in which the 
operations are divided into sections (the sections of the ‘pro- 
gramme’) and the order in which they should be taken is indicated 
in the form of recommendations (the ‘instructions’). This ‘pro- 
gramme’ which teachers are invited to follow, broken down into 
operations or sections, to be taken in a given order, apparently has 
all the characteristics of the other types of ‘programme’ mentioned 


earlier. 
However, closer consideration will reveal appreciable differences 


between them. 

An entertainer must fulfil expectations which he has raised or 
provoked, and the spectators are unaware of the measures which 
he has taken to do so. The student may be considered as being 
in the same position as the spectator. The information scientist 
organizes the tasks that the computer is going to carry out, taking 
into account at every stage those which have already been per- 
formed. The teacher is doing the same thing when he starts a 
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lesson on the basis of the results of the preceding lessons. Thus the 
teacher’s programme must satisfy two barely reconcilable require- 
ments. First and foremost, the ‘programme’ compels him to 
follow the order of lessons without paying undue attention to his 
students’ results (the ‘programme’ must be followed even if the 
students have not understood). The second requirement is that 
he should bear in mind effects which might lead to alteration of 
the order. Thus he has to steer a middle course between these two 
opposing requirements, bringing them into balance by his art. 

The foregoing’ considerations bring to light a seminal concept 
which programmed instruction has been able to exploit. Pro- 
grammed instruction does not depend on the characteristics of a theatre 
‘programme’ but on those of a ‘programme’ which operates an electronic 
machine. 

Etymologically, therefore, programmed instruction does not 
relate to the older meanings of the word ‘programme’, but to 
modern technological achievements. We may thus accept the 
following definition given by Caude and Moles: Programme: a 
possible plan for co-ordinated action. Predetermined series of operations 
making up a process [6]. 

If we have stressed the ‘programmed’ nature of this new 
method of teaching, this logically means that it is thought possible 
to anticipate accurately the development of operations which will 
lead a student to master what is to be taught. Predictions, schedules, 
checks and modifications in the light of results are at any rate words 
and phrases which teachers are beginning to use and appreciate. 
With programmed instruction they will have a means of using 
them with greater precision. They will no doubt be surprised to use 
a technical jargon which belongs also to the realm of the engineer, 
the psychologist, the technician or the planner. But the use of a 
common jargon is significant to the extent that it gives teachers 
access to groups which discuss the necessities of innovation in 
terms to which they are not accustomed. Thus the shared under- 
standing resulting from a common vocabulary goes beyond mere etymological 
definitions. The interdependence which this favours and nurtures is 
ү тшне in promoting a dialogue between teachers and others; 
qol. uu inlis V ee кт 
Reisen d ademics in different disciplines must take part in 

; and must seek the collaboration of other specialists 
whose skills are felt to be necessary. 

But there is no such thing as a programming technique which 
will in itself bring about the atmosphere conducive to inter- 
disciplinary team-work. In no circumstances can programmed 
Instruction be the means used to achieve this interdisciplinary 
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approach of which we have been speaking. However, the practical 
application of programming techniques, if given the proper slant, can show 
that it is no longer possible to tackle on one’s own the problems to which 
they give rise. Yet there are also signs of a trend to ‘parochial 
programming’. Thus the tendency towards individual work may 
prevail, and the teacher may believe himself as polyvalent on the 
scientific plane as he has to be in the exercise of his professional 
duties. Fifteen years of programmed instruction are no guarantee 
that the trend has been reversed! 

Again it might be imagined that the idea of efficiency would 
attract teachers to educational innovations. This is not the case. 
Perhaps it is necessary that others should define the implications 
of such an idea for it to be accepted. Or perhaps it is the pressure 
of needs that supplies the necessary incentive. This is seemingly 
borne out by the early history of programmed instruction, which 
developed against the background of research workers demons- 
trating the efficiency of new techniques but unable to gain 
recognition for them. 

In the history of programmed instruction, 1926 and 1954 are the 
two key dates to be remembered. 

In 1926 an American psychologist, S. L. Pressey described 
a small machine designed to give tests. He presented it as a ‘simple 
apparatus which gives tests and scores—and teaches’ [7]. This 
apparatus can set questions and suggest several answers from 
which the subject selects the one he considers correct by pressing 
a key. Intended as it was to simplify the testing of learning, Pressey 
conceived the idea that this system might be used for teaching. 
Despite the obvious interest of Pressey’s plans for teachers and 
reformers, they were regarded with indifference for thirty years. 

Pressey believed: ‘These aids would probably do their particular work 
better (just as a calculating machine is more accurate than the old-time bank 
clerk). More important—they would leave the teacher more free for her 
most important work, for developing in her pupils fine enthusiasms, clear 
thinking and high ideals.’ 

In 1954 Skinner also relied on psychological principles to 
recommend the use of ‘teaching-machines’. Such a machine, 
he wrote, ‘is a labour-saving device because it can bring one programmer 
into contact with an indefinite number of students. This may suggest mass 
production, but the effect upon each student is surprisingly like that of a 
private tutor. The comparison holds in several respects. . .' [8]. 

The success of Skinner’s schemes certainly stems from the 
discoveries he made and also from psychological or educational 
considerations. But other factors have come into play which 
are not directly linked to the teaching profession; they are 
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characteristic of a general state of teaching, but also of what we 
might call the ‘pressure of technology’. 


THE NEED FOR EDUCATION 


These needs have become alarming for two main reasons: the 
considerable growth in the demand for education in all countries, 
and particularly in developing countries; and the greater demand 
for further and more specialized training which is felt everywhere, 
but particularly in advanced countries. 

Moreover, ‘the need for education has grown faster than the 
increase in population. Undeniably there has been ‘‘an explosion 
in the schools’’,” [9] especially following the Second World War. 
But this ‘explosion’ is not an isolated fact. It is the consequence or 
cause of allied phenomena of rapid growth in economic, scientific, 
technical and other fields. Indeed, the rapid rates of growth noted 
in other fields represent additional ‘needs for education’. These 
pressures have necessitated an urgent search for ways of meeting 
these enormous needs at a time when teachers are in short supply. 
New methods and techniques for a new situation had to be found 
—techniques capable of increasing the individual teacher's 
efficiency, 

The shortage of teachers has other consequences which, however 
unimportant they may seem, are a very serious matter for the 
teacher. The increase in the quantity of education needed has not 
merely resulted in the research and development of mass media. 
It has also meant a demand for revised standards in the quality of 
education. A failure rate which was of less importance when only 
limited numbers were concerned becomes intolerable when the 
numbers assume massive proportions. On account of this, first 
methods are questioned, then content, and gradually the whole 
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they are capable of being applied to any subject. This is true of the 


computer for example, which can help the sales girl, the documen- 
talist, the translator, the research worker or the astronaut. But it is 
true only to the extent that the elements of the situations under 
consideration have been rigorously analysed. A computer only 
gives the expected answers if it is properly fed and correctly used. 
Thus a completely new spirit is required by this way of treating and 
imparting information. All the ellipses, the hidden meanings, the 
digressions accepted in ordinary communication have no place in 
the ‘dialogue’ with a machine. Thus we could say of the computer 
in our age what Mumford said of clocks in the Middle Ages [10]. 
To men who lived at the pace of nature and the seasons, clocks 
brought a new notion of time. In the same way computers give us 
a taste for accuracy by imposing it on us. 

We are used to thinking that communication merely requires 
attention to be perfect, and this is particularly true of teachers. 
We now know that this is not so, and that we need the help of 
machines to make up for the deficiencies of our attention, Commu- 
nication between machine and engineer takes place if the engineer 
can give the orders which must be carried out. These are the actions 
which make up the essential part of the programme: if carried 
out correctly they free one’s attention for other matters. 

If ‘programmed’ instruction is to bring into teacher-pupil 
communication absolute precision of this kind, then the planning 
of a lesson must take its inspiration from the model! used in these 
modern techniques. At first sight, it would appear sufficient to 
make a thorough analysis of everything involved in teaching 
activity in order to formulate the manner in which a machine 
could simulate this for pupils. The idea of such a machine coming 
to the rescue of the over-burdened teacher is as fascinating as it is 
striking. It has tempted more than one expert in programmed 
instruction, but it could be as illusory as it is attractive. 

For the engineer who knows what the machine can do there are 
in fact no unexpected reactions. Where a student is concerned, 
the teacher is a long way from knowing how to elicit the desired 
reactions, For programming to be possible, a thorough knowledge 
of a student’s behaviour in the course of learning a subject is vital. 
At first sight, psychology alone seemed able to provide this know- 
ledge. It was therefore discoveries in this field which allowed 
machines to be used and introduced into the teaching world. 
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1, Extract from lexical definition by R. Caude and A. Moles [6]. Model (mathematical usage): 
Abstract diagram to represent essential characteristics of structures of actual sets of objects, 
A simplified but schematic representation of a E (Moles). 
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What is particularly striking in this context is that the urgent 
need for solutions to the acute teacher shortage found immediate 
response in the pooled contributions of technology and psychology. 
The invention of programmed instruction at the very time when 
it was most needed might be thought providential, but any expla- 
nation in terms of providence risks concealing the influence of 
other factors which have acted less overtly, if not less effectively. 


CONCLUSIONS 


The educational system evolved in France at the end of the last 
century, for a long time produced the men whom society needed. 
As everyone recognizes, this system can no longer satisfy the 
needs of contemporary society. We speak of lifelong education, 
in-service training, and a continuous educational process. . . . 
Education must reach a public no longer composed of children 
and adolescents but of adults already employed in different 
sectors of the economy. The impulse these new requirements 
give to the renewal of educational concepts is very marked and it is 
not only the educational world which has felt its influence. 

It has, in fact, been noticed that where learning is concerned, 
the actual aid or device is less important than what it provides: 
a machine which has no programmed lessons is as much use as 
a television set at times when there are no transmissions. A change 
has taken place, and its consequences are now being felt. In the 
business and industrial world, teams responsible for staff training 
are concerned not only with aids but also with ‘programmes’, 
in other words with teaching. At present in nearly all countries 
where programmed learning has become established, companies 
have been founded to produce ‘tailor-made’ training courses. 
To judge by their success and by the money invested in research 
into new aids, there can be no doubt that programmed instruction 
has opened up an interesting market. 
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facts are clear: under the pressure of factors from outside the 
educational world, educational research has received a vigorous 
impetus, in relation both to its content and methods and to its 
technology and aims. Was programmed instruction carried 
along by the tide, or did it create and sustain it? No doubt both 
are true. Thus it has helped to direct teachers’ attention to fields 
for which their training has not equipped them but in which 
their profession calls them to play a part. 

Programmed instruction arouses much interest, passion and 
discussion. Its success may be explicable in terms of a convergence 
of factors which normally seem unrelated, but what is important 
is to note that these factors now have a role in education and must 
be accorded a place in the training of teachers. Thus it will be seen 
that programmed instruction cannot be presented as a technology 
which will change nothing in teaching practice. Moreover, if it is 
to result in the renewal of educational thinking, it is destined to 
come to the forefront of teacher training. 

It has, in any event, achieved recognition. Neither teacher 
educators nor teachers can afford to disregard the technological 
and scientific contributions which it implies. In particular it has 
introduced the systematic use of experiments into teaching. It may 
therefore be hoped that it will prove an efficient tool for research 
work and thereby play an important part in attempts to renew 
teaching methods. 

While it is true that programmed education has many advan- 
tages, its general use cannot be envisaged immediately. This is 
certainly not desirable so long as teachers have not been given 
the necessary training to familiarize them with educational 
technology and make them aware of the problems still raised by 
its inclusion in the educational system. These problems appear 
at the source, that is to say, in regard to the psychological principles 
with which Skinner endowed programmed instruction. 
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CHAPTER I 


FROM PSYCHOLOGY TO 
PROGRAMMED INSTRUCTION 


Many writers, particularly French writers, credit Descartes and 
the Discourse on Method with inspiring invention of programmed 
instruction. The idea is not entirely wrong, but it has given rise 
to false interpretations and unjustified comparisons. The theoretical 
foundations on which programmed instruction is based were 
provided by psychology, more specifically Skinner’s psychology. 

Programmed instruction, then, is not at the outset merely 
another teaching technique, but takes the form of the practical 
application of laws established in accordance with the rules of 
scientific method. It is therefore important to give teachers the 
basic knowledge which will enable them to judge whether the 
manner in which these laws are applied in teaching practice 
is warranted by the underlying psychological data. This will give 
them the information they need to understand the ways in which 
programmed instruction has developed since its beginnings. 

In the specialist literature [1], Skinner is presented as the head 
of the ‘behaviourist school’. As such he is both renewing and 
continuing a tradition. Programmed instruction would be incom- 
prehensible if the changes which gave rise to it were not seen in 
the context of a current of thought. This tradition cuts across or 
runs parallel to other traditions originating in France, Germany 
and the U.S.S.R. 

By using this theoretical material to induce teachers to view 
their teaching problems in a clearly defined doctrinal context, 
the teacher-educator can help them to employ programmed 
instruction and other similar techniques to advantage; this 
approach will also enable them to relate their experiments and 
innovations to the lines of current research. 
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FROM EXPERIMENTAL PSYCHOLOGY TO 
BEHAVIOURIST PSYCHOLOGY 


All American psychology is stamped with an originality which 
P. Fraisse has described as follows: 

While the subject matter, the body, of American psychology was inherited 
Jrom the German experimentalists, its spirit came from Darwin [1]. 

America is a land of immigrants. The welcome it has extended to all has 
not prevented it from moulding its own tradition and becoming in its turn 
a fount of inspiration and a guiding light... . 

The growth of experimental psychology in America follows the pattern 
of her towns and industries. . . . No sooner had psychology arrived on her 
Shores than she set about refashioning it, giving it in the process a clearer 
awareness of its own problems [2]. 

According to the first quotation above, the starting point of Ameri- 
can psychology was the research work of the German psychologists 
who in the latter part of the nineteenth century endeavoured 
to give psychology scientific aims and a scientific method. This 
brought to a close the age of introspection or ‘rationalist’ psycho- 
logy with its reliance on the individual consciousness to conduct 
the investigation into its own nature and the accompanying 
phenomena. 

Around 1872-75 William James put into practice his ‘principles 
of psychology’; this is the title of his book which was published in 
1890 [3]. For him the psychologist should no longer be concerned 
with what happens in the consciousness, but should study the 
phenomena of consciousness, i.e. the physical phenomena mani- 
fest in the environment, and other relevant phenomena. These 
the psychologist endeavours to grasp and explain through the 
Junction they fulfil. 

According to James, consciousness, like the other functions, in all 
brobability evolved because it is useful [3]. The definition of conscious- 
ness as a function, then, refers to the idea of its ‘utility’. In the 
Darwinian tradition invoked above, the successful performance 
of an act is the principle which determines conservation of the 
function and thereby of the individual. This theme, to the elabor- 
ation of James’s ‘pragmatist’ philosophy, imbued the thinking 
of his successors, whether they were directly inspired by him or not. 
All subsequent writers were to seek to describe consciousness 
asa factor in the adjustment of the individual to the environment 
in which he is evolving. 

Dewey, following upon James, formulated a more systematic 
theory of ‘functionalism’, "The main lines, as summarized by 

raisse in the above-mentioned book, are as follows: 
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The first important contribution by this ‘functionalist’ school is Dewey’s 
article * The Reflex Arc Concept in Psychology’ (1896). His aim is a critique 
of atomism, which with him refers not to the components of consciousness, 
but to the reflex arc. What counts for him is not the individual components 
of reactions, nor the sum total of such components, but the co-ordination 
between them. Even a simple reflex is in itself a co-ordination: for there is 
no stimulus and response, a stimulus is a stimulus only when it calls forth 
a response, and a response is a response only because there has been a stimulus. 
The reflex, according to Dewey, is a means of establishing a useful co- 
ordination [4]. 

Thus his critique of atomism in psychology involves refining 
the concept of utility and applying it with greater precision. 
Breaking down an act into its external components (stimuli) and 
internal components (reactions) raises inextricable theoretical 
problems if one wishes to explain their conjunction. The simplest 
or most ‘elementary’ act—the reflex—in fact appears as something 
homogeneous, which only interpretation breaks down into 
isolated components. The act itself consists entirely in the co- 
ordination of the stimulus and the response: Jt is the act of a living 
being which is making an adjustment to its environment [4]. 

Despite his contribution to psychology, Dewey became best 
known for his theories in education, which he presented as an 
application of his research work. This is worth stressing. For 
after Dewey psychology almost invariably leads to some educa- 
tional application. The connexion seems obvious since the psycho- 
logist, when studying behaviour, discovers constants which are 
also laws of learning and which he then need only apply. 

Stanley Hall and his school followed next. The organizers of 
experimental psychology, they defined and extended its scope 
as well as popularizing the main ideas we have already outlined. 
The writings of J. McKenn, Cattell and Thorndike, in particular, 
constitute a source book for the founders of programmed in- 
struction. Of these Cattell is known as the ‘inventor’ of mental 
tests. While we need hardly elaborate on the success such tests 
have enjoyed well outside the bounds of psychology, it is worth 
mentioning that they very soon came to be used as a means of 
testing behaviour in the learning process. And as we shall see 
below, programmed instruction continually relies on mental tests, 
either to check the effectiveness of learning or to facilitate it. 

Thorndike is known for his research on animal intelligence. 
This was the subject of his doctoral thesis, presented in 1898. 
His experiments were guided by the concepts of ‘reflex’ and *condi- 
tioning’. А cc 

In order to follow the contributions made by this tradition 
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down to Skinner, the originator of programmed instruction, we 
must refer to the work of Pavlov. Diagram 1 shows the general 
line of development which we are summarizing here. 


PAVLOV AND THE CONDITIONED REFLEX 


Everyone knows about Pavlov’s experiments on dogs, and how 
they were made to salivate and secrete gastric juices simply by the 
ringing of a bell. But what concerns us here is the method, i.e. the 
way in which the experiments were conducted and the Aypotheses 
on which they were based. Skinner was eventually to challenge 
these in a novel series of experiments, and for this reason it is 
worth tracing the chain of reasoning—guided by experiments— 
which led to the evolution of programmed instruction. 

We have no intention here of writing the history of psychology, 
but only of using psychological data as a means to demonstrating 
that this science underlies programmed instruction and is, there- 
fore, of capital interest to students training to be teachers. Our 
intention, in other words, is to give a short summary of the subject, 
with more particular emphasis on certain aspects. 


Conditioned reflex 


A few words to remind readers of what this term implies. 

An 'experimental? dog is hungry. He is given a meat ball. It is 
observed that, when this happens, he secretes gastric juice in a 
flask directly connected up with his stomach; also that he produces 
saliva. 

We conclude from this that the mere sight of the food suffices 
to set in motion the mechanisms which accompany the satisfaction 
of this need. 

Readers will remember the rest of the experiment, now become 
famous. At the second stage, the presentation of food is associated 
with the ringing of a bell, and the appropriate secretions are 
produced. Subsequently, the bell is rung, but without producing 
food, and the secretions continue to be produced. A ‘conditioned 
reflex’ has been set up, as illustrated by Figures 1, 2 and 3 below. 

But despite the simplicity of the experiment, and the fact that 
far more complex reflexes can be ‘set up’, it is important to note 
that both the methods used and the results obtained refer to 
a particular interpretation. 

‚ As regards methods Pavlov, as we know, invented the ‘tower of 
silence’. In the end, it was enough for the experimenter to turn 
the door handle or for the dogs to recognize him by his smell 
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in order to make them secrete gastric juices. In an effort to cut out 
the intervention of such random factors and retain only those 
between which he wished to establish a relationship, Pavlov 
evolved this idea of a ‘tower of silence’, a term used to designate 
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an experimental environment so designed as to exclude all but 
the factors to be studied. As we shall see, Skinner, in one sense, 
adopted a completely different procedure. 

As to the principles, Pavlov always interpreted his results 
with reference to neurological mechanisms. It is for this reason 
that his conception is described as ‘realist? in so far as it explains 
acts of conduct (responses) in terms of the functioning and struc- 
tures of the nervous system. 

On the basis of these methods and principles, Pavlov built up 
a whole theory of the system of reflexes, from the simplest, which 
he demonstrated in laboratory experiments, to the most complex— 
such as that of language—for which he thought he had found 
an explanation. 

This led to other consequences having a direct bearing on 
teaching. On the basis of the study of reflexes, he established rules 
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and described a training system which was subsequently to be 
called ‘conditioning’. Thus, Pavlov’s study of behaviour was 
followed naturally by the application of his discoveries. Also we 
see that animal experiments led quite naturally to experiments 
with human subjects, the same scientific method being used in 
either case. 

We shall make the same observation, subsequently, with regard 
to other schools of psychology: the aims pursued and the methods 
used lead to the discovery of laws of learning; and these laws, 
once discovered, come to constitute the rules on which scientific 
learning is conducted. Moreover, since such discovery can be 
applied forthwith, there is no time-lag between discovery and 
application. 

This observation relates to the ‘history of ideas’ on which 
teachers should reflect. It also indicates the increasingly important 
part played by psychology in teaching. But it is no longer a 
question—as it used frequently to be—of knowing a little psycho- 
logy; what is needed is to know enough psychology to be able 
to consider ways of making use of it in the class-room. 


FROM THORNDIKE TO WATSON: THE ARRIVAL 
OF THE ‘BLACK BOX”? 


Thorndike appears to be very close to Pavlov’s ideas, except that 
he refuses to explain psychological facts in terms of physiology 
alone. Significantly the subject of his doctoral thesis (1898) was 
‘Animal intelligence’, and his ideas made him the pioneer of 
animal psychology. Thorndike, when watching animals learning, 
observed two facts: the first was that the best way to fix responses 
is by connecting them with the satisfaction of a need—the ‘law 
of effect’; the second, that animals proceed by ‘trial and error’. 
Watson, a pupil of Thorndike, attached the utmost importance 
to conditioned reflexes from the very early stages of his work on 
animal psychology. Though he followed Pavlov’s work very 
closely, he remained unconvinced by both Pavlov’s results and his 
conclusions. He took the view that Pavlov’s experiments on elemen- 
tary reflexes were valid and even brilliant, but that his inter- 
pretations lay outside the experimental domain, being either 
exaggerated or impossible to verify. There is no means of knowing 
precisely either how a stimulus is received or how the response 
occurs. Two things only are certain: the stimulus and the response. 
These are elements which can be analysed, observed and measured ; 
but the links between the two escape observation, so that nothing 
at all is known about them. We have no right, since this cannot 
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be observed scientifically, to interpret the relation between the 
stimulus and the response in terms of the nerve centres and neurol- 
ogical mechanisms. 

Thus Watson, though not condemning Pavlov’s experimental 
methods, refutes the bases and principles of his explanation and 
he does so in the name of the very criteria inherent in these 
methods. Any attempt to deduce more than these methods them- 
selves supply is suspect, and belongs to the realm of fantasy or 
unchecked hypothesis. The gist of his criticism is that references 
to consciousness or to the physiology of the nervous system yield 
nothing verifiable in the study of individual behaviour. 

But if one is to adopt this standpoint and take exception to the 
principles applied for the study of certain phenomena, one must, 
to be logical, put forward other principles which can, at the very 
least, be applied to the phenomena in question. 

Watson proposed that we should confine ourselves to what 
can be observed and controlled, i.e. precisely to the stimulus and the 
response. About what happens or what exists between the two 
we know nothing. This means, in principle, that it should be 
disregarded: between the stimulus and the response lies the 
‘black box’, wherein nothing can be observed (Fig. 4). 

Watson did not say that nothing goes on inside the ‘black box’. 
He simply emphasized that any statement made on this subject, 
since it could not be based on observation, was merely a hypothesis 
which could not be scientifically verified or checked. The ‘black 
box’ is thus presented as a working hypothesis, which both simplifies 
the psychologist’s task, by making it unnecessary for him to resort 
to unwarranted interpretations, and offers him exciting prospects 
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in that it makes possible the study of behaviour in relatively simple 
experimental conditions [5].' 

Watson applied this hypothesis in several astounding experiments 
involving the use of rats and mazes (Fig. 5). 

The experimenter arranges a maze through which the rat has 
to pass from the point of entry to the point of exit. The maze has 
no roof so that the behaviour of the rodent can be observed, in 
order to see how it proceeds from entry to exit. At various points 
in the maze there are several possible routes the rat can take; 
if he goes wrong, he receives a slight electric shock to dissuade 
him from following that particular path. 

What observations are made, and what conclusions can be 
drawn from this experiment? Watson notes that the rat ‘tries out’ 
the various possible paths open to him. When he makes a mistake, 
the electric shock makes him try another route. And this continues 
until he reaches the exit, where he receives a reward (he is either 
given food or allowed to run free). Two other points are also 
noted: when he makes a mistake, and incurs a penalty as a result, 
he takes ‘avoiding action’; and success is achieved gradually, 
but more and more quickly, through trial and error. 

From this are deduced ‘laws of learning’. The first law, a general 
one, emphasizes that behaviour is characterized by ‘trial and 
error’. Further, it is observed that the ‘law of effect’ applies in 
so far as failure leads to action to avoid failure in future, while 


1. Herein lies the principal theoretical justification of ‘behaviourism’, which consists in the study 
of behaviour by methods based on the hypothesis of the “black box’. 
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success fixes behaviour that will result in further success, the 
alternation of the two accelerating the process of learning, i.e. 
discovering the ‘right behaviour’ which will lead without error 
to the exit. In this way we arrive at a constant relationship, or 
laws, governing stimuli and responses without reference to what 
happens in between. 

No effort is made to study how the nerve centres of the rats are 
constituted in order to ascertain the laws for controlling their 
behaviour. What is done is to observe the effects regularly pro- 
duced by failure or success, a combination of the two gradually 
fixing the required pattern of behaviour. It is interesting to note 
the part played by error in the ‘law of effect’ thus demonstrated. 
It is doubtful whether error plays any real part in the teaching 
of behaviour, but the importance attributed to it may be due 
to the method used for the experiment (the administration of 
penalties in the form of electric shocks). In other words, it is 
possible that the law deduced from this experiment reflects the 
conditions of the experiment no less than the actual modes of 
behaviour of the animal. 

On the basis of his experiments Watson was able to set out 
‘laws of behaviour’, of which the three main ones are those of 
Proximity or recency, practice or exercise, and effect. Proximity: 
the tendency to repeat the last response made simply because 
it is the closest. Practice: the fact that a response is more firmly 
fixed the more often it is repeated. Effect: the fact that ‘correct’ 
responses are more readily repeated, which accentuates the effects 
of the proceeding laws. 

From his laboratory experiments Watson boldy deduces 
a theory of learning and teaching. Thus he states: : 

Give me a dozen healthy infants well-formed, and my own specific 
world to bring them up in, and I will guarantee to take any one at random 
and train him to become any type of specialist I might select—doctor, 
lawyer, artist, merchant-chief and, yes, even beggar-man and thief, regard- 
less of his talents, benchants, tendencies, abilities, vocations, and race of his 
ancestors [6]. z 

The idea that assimilation capacity has nothing to do with 
‘aptitudes’ or ‘talents’ is based largely on these analyses. 

But these statements still had to be proved. It had to be shown 
in practice that the ‘laws of behaviour’ could be used as a guide 
to planned learning. According to the theory, the transition 
to practical application was natural, i.e. offered no contradictions 
in the experimental framework in which it was presented. The 
transition had to be made, however, and the credit for doing 
this belongs to Pressey. 
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PRESSEY’S CONTRIBUTION 


Though modest on the psychological and experimental plane, 
Pressey’s contribution is important on account of the future 
prospects he opened up. 

He constructed a small apparatus [7], designed to make it 
easier to test students’ assimilation of knowledge. According to 
him, the mechanical design of this device was such as to make 
it possible to do this on the basis of the ‘laws of behaviour’. In 
practice, its functions were far wider. 

The device presents a list of questions, to be replied to by 
selecting one of several possible answers. The student cannot go 
on to the next question until he has found the correct answer 
to the first one (either first time off, or after several tries). The 
machine is also able to tot up the errors. 

The results obtained were very curious. Quite unexpectedly, 
testing resulted in the elimination of errors. The apparatus 
designed to test turned out also to be capable of teaching! 

Pressey made an attempt to explain this on the basis of 
the psychological data of this time; he refers to the laws of behav- 
iour: 

The ‘law of recency’ operates to establish the correct answer in the 
mind of the learner, since always the last answer chosen . . . is the right 
answer. The correct response must almost inevitably be the most frequent, 
since the correct response is the only response by which the learner can go 
on to the next question; and since whenever a wrong response is made it 
must be compensated for by further correct reaction [8]. 

In cases where it is put to use for teaching, as Pressey wished it 
to be, it is essential to stress the significance of this law. The whole 
apparatus of teaching appears to minimize the part it plays; 
or at any rate fails to give it a constructive part to play in facili- 
tating, influencing or guiding the process of learning. 

The ‘law of exercise’ is thus automatically made to function to 
establish the right response. Since the learner can progress only by making 
the right reaction, he is penalized every time he makes a wrong answer by 
being required to answer the question one more time, and is rewarded for 
two consecutive right responses by the elimination of that question, the ‘law 
of effect’ is constantly operating to further the learning [8]. 

The ‘law of exercise’: the right response must be repeated. The 
‘law of effect’: repetition of the right response accelerates the 
process of learning. Thus these three laws were put into practice 
by Pressey’s little apparatus. The machine designed for testing 
what children had learned could be used as a teaching machine. 
Why were they never used for this purpose? Skinner replies as 
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follows: Pressey’s machines succumbed in part to cultural inertia; the 
world of education was not ready for them [9]. 

But he adds: . . . they also had limitations which probably contributed 
to their failure [9]. Skinner holds that these limitations stem from 
the theoretical bases on which Pressey worked. There are also, 
no doubt, other limitations, as we noted in the previous chapter, 
and as E. Dale also affirms [ro]. 

But whatever the ‘limitations’, theoretical or otherwise, Pressey 


About 1938, Miller and Konorsky drew attention to certain 
specific phenomena in the conditioning process, They noted, when 
making a study of reflexes, that an animal, on receiving a reward 
for some spontaneous action, will be eager to repeat it. Though the 
original action was not provoked by a stimulus, it does constitute 
а response which can be fixed. 

Moreover, what fixes an action is not a stimulus, but the 
reward given subsequently. It is as though the stimulus came 


after the response. Was Pavlov's or Watson's diagram still valid? 
Should we write: 


S —  —— уң 
or, on the contrary А —————— b s? 
All Skinner's work is in the nature of a reply to this question... 
and shows that it is wrongly stated. 


SKINNER 


Skinner belongs to the purest behaviourist tradition. His strictures 
directed against the ‘inner man’ are reminiscent of Watson’s 
Violent diatribes against the murky ‘black box’ of consciousness! 
He endorses the criticism of inner causes, at the same time making 
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Here the pigeon draws a distinction ... . +. but here he fails to do so! 


a b 
Fic. 6. ui di 


The objection to inner states is not that they do not exist, but that they 
are not relevant to a functional analysis [11]. We must confine ourselves 
to observable events [12]. 

Whatever the criticisms levelled against behaviourism, pro- 
grammed instruction stems from this concept and that of Pressey. 

By a few remarkable experiments Skinner effected the transition 
from the laboratory to the class-room. 


Skinner’s pigeon experiments 


1. Let us observe one of Skinner’s pigeons in its experimental 
cage. But first a preliminary word about it. 

After several experiments of the Pavlov type, the pigeon proves 
capable of distinguishing between colours; it can easily be trained 
to distinguish between red and green (Fig. 6 (a)). On the other hand, 
when an attempt is made in the same experimental conditions, to teach 
it to distinguish between (i.e. to recognize) vertical and horizontal 
stripes, it fails (Fig. 6 (b)). 

This double experiment, carried out in the conditions recom- 
mended by Pavlov, is important on account of the deductions 
made from it. It may, in fact, be concluded that the pigeon 
possesses the neurological and physiological capacities necessary 
for distinguishing colours, but does not possess the same capacity 
for distinguishing two types of stripes. 

It is important to stress these preliminary conclusions, since they 
are the first stage in a process of reasoning which draws on scientific 
experience and may perhaps go beyond. 


ee Feeding box 


Fic. 7. 
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2. Skinner then takes one of these pigeons which are apparently 
incapable of distinguishing stripes, and places him in an illumi- 
nated cage on one of the walls of which there are two circles 
(Fig. 7) of the same size. One is red, the other green. 

The first step is to teach this new pigeon to distinguish between 
red and green. 

He is allowed to do as he Likes, for as long as he likes. But when he 
pecks the red circle, he will receive bird sceds in his feeding box 
fixed just below the red circle. We shall therefore wait until 
he does so. When he is hungry, he gets excited and will eventually 
peck at the red circle without being incited to. 

He does so, and receives the seeds. He is kept under observation. 
He flies round pecking, and comes back again to peck at the red 
circle. Whereupon he receives more seeds. It is observed that he 
goes on pecking more and more frequently at the red circle. After 
a certain time has elapsed, even though the seeds may be replaced 
by a certain sound, he will continue to go on pecking as regularly 
as before. 

In the end, both the seeds and the sounds can be dispensed 
With: the pigeon will peck at the red circle directly the circles 
appear. 


Conclusions of this second stage of the experiment. We manage to 
‘condition’ the pigeon to make the same responses as with Pavlov's 
methods, but by the use of completely different methods. 

Instead of isolating the factor which is to serve as the stimulus, 
we allowed the situation to develop. It was not until the expected 
reaction was obtained that the bird was rewarded. The reward 
thereupon served as a stimulus, leading to the repetition of the 
reaction at shorter and shorter intervals. As we see, the experi- 
mental situation here is radically different from that proposed by 
Pavlov. . 

Pavlov selected the factors to be studied by eliminating all the 
rest, thus constructing the ‘tower of silence’. Skinner, for his part, 
appears to make no attempt to produce a situation by process of 
elimination. On the contrary, things are so arranged as to lead 
the animal itself, by his actions, to select from amongst numerous 
stimuli, those factors which it is desired to retain. Thus the selection 
of these factors is operated by the animal during the experiment 
and not by the experimenter before the experiment. . : 

This is a fact of considerable importance. It makes it possible 
to imagine that for a given subject involved in any complex 
situation, the whole process of learning will consist in gradually 
inducing him, by the use of appropriate means to select from the 
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experimental situation, and subsequently devote his active 
attention to those elements it is desired to fix. 

, The importance of this idea warrants asking teachers to give 
it serious consideration: the difference in the prospects opened up 
by this method, as compared with that of Pavlov, would constitute 
a useful subject for reflection and discussion. 

Another point to note is that the desired results can only be 
obtained on condition that the subject plays an active part in the 
process: it is, in fact, he who dictates or controls the pace of the learning 
process. This is also an important point to retain for discussion. 


ch further than these points. The 
question now is, whether or not pigeons can be taught to distinguish 
between two types of stripes, horizontal and vertical. Immediately 
after the first phase described above, the pigeon is allowed to 
continue pecking at the red circle. Little by little, vertical stripes 
are made to appear on this circle while, at the same time, horizon- 
tal stripes are shown on the green one (Fig. 8). The pigeon still 
gets seeds whenever he pecks at the red circle, the seeds gradually 
being replaced by something else (the ringing ofa bell, for instance) ; 
this too is eventually eliminated. 

In the last phase of the experiment the pigeon is faced by 
nothing but stripes, the colours having been eliminated. The 
intervals between the rewards or whatever replaced them have 
gradually been lengthened until, eventually, a correct reaction 
produces nothing at all. It is then observed that the pigeon distin- 
guishes infallibly between the vertical and the horizontal stripes, 
even when other factors in the experiment are changed. 

The most striking point about this experiment is that Skinner 
makes pigeons do things that Pavlov believed to be impossible. 
However, we must not allow ourselves to be dazzled by the pic- 
turesque aspect of the experiment. Skinner carried out many other 
experiments which, though much more fascinating, were no more 
important as regards the information supplied to amateurs of 
animal lore; he also carried out others, less spectacular, but of 
greater scientific interest. Let us therefore confine ourselves to the 
experiment described above, and consider what contribution it 
makes to the study of the differences between Pavlov’s results and 
Skinner’s. 

Skinner, by his results, proved a number of things. The first, 
which is of considerable practical importance, is that behaviour 
can be understood without reference to the nervous system or 
to introspection. Better still, he proved, on the basis of experiment 
alone, that Pavlov was wrong in believing that pigeons (for 


3. The experiment goes mu 
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nicus] are incapable of certain forms of behaviour because 
eir nervous system is insufficiently developed. 


Why does Skinner's pigeon learn better than Pavlov's dog? 


This question deserves very special attention, for it is on the basis 
of his reply that Skinner was to evolve all the main principles of 
Programmed instruction. According to Skinner, the answer to 
this question is suggested by the form of the experiment, and the 
manner in which it was carried out. Let us therefore take another 
look at this experiment and ascertain its specific features. 

The difference between the experimental device used by Skinner 
and those used by his predecessors is evident. The pigeon’s cage 
makes no provision for penalties: no electric shocks such as rats 
experience when running a maze, no prior starving, no means for 
compelling the attention by eliminating everything the animal 


is not intended to learn. As Skinner himself points out this is an 
experiment without violence, without punishment and without 
6]. But it is not out of kindness 


any ‘negative stimulus’ [9, P- 7 
to the animals that they are treated so well; attractive though this 
explanation may be, the real reasons lie elsewhere. 

Another point observed is that, at the beginning, the animal is 
left free to act as it likes and make what movements it chooses, 
without the slightest let or hinderance. In other words, the animal 
is placed in a milieu such that it is free to respond to stimuli of all 
kinds, This is a situation totally different from that of Pavlov’s dog 


in his ‘tower of silence’. 


It is not a matter of the experi : ч 
situation in order to select those factors which he wishes to study. 


On the contrary, the selection of these factors is left to the animal 
itself, this activity indeed constituting the learning process. It is 
true, of course; that the learning process is controlled, in so far 
as the purpose is to induce the animal to adopt a certain mode of 
behaviour (aim of the learning process). But it is nevertheless 
the animal itself which, through its activities, builds up the process. 

The experimenter confines himself to rewarding those actions 


which further the aim pursued, but without restricting the animal 
in any way; even а 


menter creating an artificial 


s to time. The experimenter may be said to have 

prepared a programme of work for a pigeon which is blissfully 

unaware of his intentions and is merely going about its own 

occupations. He leaves the pigeon free to do as it likes, and all 

he does is {0 reward the bird when it performs the operation 
programme. 


scheduled in its > " Р 
The programme in the experiment described just now was 
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to teach the pigeon to distinguish between two sets of stripes. 
By the end of the experiment, the pigeon had carried out its 
programme without being subjected to pressure of any kind. 

Initially, the pigeon does as it likes; but its actions are gradually 
influenced by the rewards given. It is seen to speed up its repetition 
of the actions expected of it, to seek to ascertain which actions will 
produce a reward. Thus the bird progresses at its own pace which, 
it is noted, becomes progressively faster. 

Another point emerges from the foregoing: that no notice 
is ever taken of any errors, wrong actions or hesitations. The 
experimenter never intervenes—to give seeds or make a sound— 
except when the desired action is made. No notice is ever taken of 
failure, only of success, which the entire effort is devoted to repro- 
ducing or repeating. 

Thus the pigeon proceeds freely, at its own pace, advancing 
step by step without ever being penalized for its errors. All these 
reasons show why the experiment is spectacular; but they do 
nothing to explain why it succeeds. And this explanation, following 
the experiment, refers us back to the theory, in order to find out 
why the qualities or characteristics demonstrated were encountered, 

The answer to this question resides in what Skinner calls the 
theory of ‘reinforcement’ or ‘operant conditioning’, 


‘Reinforcement? and ‘operant conditioning’ 


tioning studied by Skinner’s predecessors. 

As Skinner shows, operant conditionin: 
in combined form, the three laws formulated by Pressey [7, P- 49] 
‘in combined form’ in so far as the three interact exponentially. 
_ These three laws must therefore, Skinner affirms, be restated 
in an entirely new form, on the basis of the new starting point 
constituted by the experiment on our pigeon. 

The experiment showed that any given subject—the pigeon’s 
(or human) brain being deliberately left out of account—acted 
effectively if certain precautions were taken. The acts expected of 
the animal are rewarded, whereupon it tends to repeat them. 
Rewards reinforce the expected actions. 


g? brings into play, 


I. The operant is defined by the property upon which reinforcement is contingent: the height to 
which the [pigeon’s] head must be raised [13]. 
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We are not here causing an action to be repeated several times 
in order to fix it, but fixing it by means of repeated rewards when 
it is performed. 

This leads to a new law incorporating the three others: a correct 
response (in this case, to a question not posed), when followed 
by a reward, will be repeated. The response (reaction) is established 
by the recompense (stimulus) given; the laws of recency, effect 
and practice should therefore be reinterpreted on this basis. 

Thus the stimulus comes after the action, so that it cannot 
possibly provoke the action. It operates retrospectively, reinforcing 
an action already performed. In this way reinforcement is said 
to have a feedback effect on the response. 

This is Skinner's great discovery—that reinforcement must be 
used in order to shape behaviour effectively. “The change in the 
frequency with which the pigeon raises its head constitutes a 
process of operant conditioning’ [13]. This has been borne out, 
verified and further demonstrated in other experiments. Skinner 
concludes that it is essential to apply as many reinforcements as 
possible. For the experimenter who wishes to make a given 
animal capable of a certain type of behaviour, ‘the learning 
programme will consist of applying reinforcing contingencies’, 
arranging as many opportunities as possible for satisfaction. 
Comparative studies show that a great deal of time is gained 
thereby and that the subject advances much farther and is capable 
of far more than could be foreseen. 

Thus it is in the theory of reinforcement that the ‘law of effect’ 
assumes its full significance. Certain aspects of it had of course 
been dimly perceived before, but, by and large, the most negative 
ones. What now come to light are its positive features. According 
to Skinner this is what was lacking with his predecessors and this 
explains why they found it difficult to apply the laws of psychology 
to teaching practice. 

Now that the meaning of these law 
are at last in possession of the theoretical bases necessary 


to the application stage. [9, 10] 


s has been broadened, we 
to proceed 


THE APPLICATION OF SKINNER'S 
PSYCHOLOGICAL THEORIES TO TEACHING 


There is one objection which teachers constantly make when told 
about these experiments: that itis not legitimate to apply to human 
beings laws of behaviour established for the animal kingdom. 
How, they say, can observations valid for animal behaviour also 


apply to human learning? 


43 


From psychology to programmed instruction 


Replies to this question. These objections are not valid if we 
remember the basic hypothesis on which these experiments were 
carried out. 

Let us think for a moment of the ‘black box’, which rules out 
any explanations referring to ‘thoughts’, ‘neural paths’, еіс... . 
ie. anything about which it is impossible to state how they affect 
behaviour. And it is precisely because of the refusal to take 
account of such factors that it was possible to get the pigeon 
to perform actions of which it was said to be incapable. 

Yet people will insist that there is a fundamental difference on 
the experimental plane between men and animals. It was the 
limited nature of this very argument that the experiments demons- 
trated. 

The use of this material often meets with the objection that there is an 
essential gap between man and other animals, and that the results of one 
cannot be extrapolated to the other. To insist on this discontinuity at the 
beginning of a scientific investigation is to beg the question. Human behaviour 
is distinguished by its complexity, its variety, and its greater accomplishments, 
but the basic processes are not therefore basically different. Science advances 
from the simple to the complex; it is constantly concerned with whether the 
processes and laws discovered at one stage are adequate for the next. It 
would be rash to assert at this point that there is no essential difference 
between human behaviour and the behaviour of lower species; but until 
an attempt has been made to deal with both in the same terms, it would be 
equally rash to assert that there is. A discussion of human embryology 
makes considerable use of research on the embryos of chicks, pigs and other 
animals. Treatises on digestion, respiration, circulation, endocrine secretion 
and other physiological processes deal with rats, hamsters, rabbits and so on 
even though the interest is primarily in human beings. The study of behaviour 
has much to gain from the same practice [14]. 

But Skinner also gives another reply to this objection. Animals 
learn by being active, and their activity goes towards shaping 
their behaviour. Certainly, the same is true of men. There was 
a time when we thought children's minds had to be filled up by 


ng of facts. But nowadays, 
n through activity, through 


: here is a fundamental difference between 
animals and people find it hard to explain why. The real reasons 
for holding this view frequently stem from the attitudes denounced 
earlier (cf, Introduction), or at any rate this is one of the occasions 
on which such attitudes come out most strongly. It is advisable, 
when presenting Skinner's views, to seize the opportunity for 
Joint consideration of his method and its implications or get 
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the class to apply them to specific problems dealt with in the 
literature [10-14]. 

There is a second objection which is sometimes made, though 
seldom in so many words. Since it is a very serious one, it should 
perhaps, if not made spontaneously, be deliberately provoked. 
It is this: that what differentiates men from animals is language, 
the capacity to express their experiences and feelings. This 
animals are not capable of doing. 

Skinner has devoted a whole book, entitled Verbal Behaviour [15], 
to this subject. In this, Skinner recognizes that verbal expression 
consists of specific variables of differing degrees of complexity; 
but these variables can, in all cases, be submitted to the control 
of determined stimuli, which are, it is true, of an essentially verbal 
character. The use of words and the handling of language have thus 
all the characteristic forms of behaviour such as are habitually 
subjected to the process of operant conditioning in the course of 
experiments. It is for this reason that Skinner has no hesitation in 
declaring that verbal expression is a form of behaviour like any 
other (apart from a few specific characteristics). 

Skinner refutes all the reasons which might be adduced to prove 
that language is the distinctive characteristic of man or rather he 
uses them for the purpose of showing that the use of language is 
a form of behaviour like any other. As we shall see, this is one of 
the points round which the most heated arguments both for and 
against Skinner centre. | 

Be this asit may, Skinner remains quite adamant in his conviction 
that the transition from theory to its application in education 1s 
justified. On what grounds does he defend himself? 

For teachers the question will be posed in these terms: on the 
basis of what principles can the laws of learning be applied to the teaching 
of humans in such a way as to make this teaching effective, rigorous; 
controlled and adapted to its purpose? The principles and their 


significance are as follows. 


The step by step principle 


Effectiveness depends on frequency of reinforcement. When 
teaching a specific discipline, this means that measures must be 
taken to provide as many opportunities as possible for practice, 
i.e. for reward or reinforcement. This involves dividing up the 
information to be communicated into small units or doses, each 


requiring activity sanctioned by reinforcers. Thus for instance 
Skinner declares that for the teaching of arithmetic several 
thousand reinforcers should be distributed, instead of several 
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hundred as at present [16]. The idea of dividing the material 
to be taught into mini-slices is inspired not, as is sometimes 
averred, by the requirements of cybernetics, but by the need 
to ensure maximum effectiveness by increasing the number of 
reinforcers. 

This results in increasing the number of stages in the learning 
process, each of which constitutes a ‘step’. It is important to stress 
this idea, which is central to programmed instruction: progress is 
made step by step, and the more steps there are, the greater the 
number of reinforcers, i.e. of stimuli to learning. 

This bring us to the first principle to be applied in programmed 
instruction: that the subject must be divided into units of information, 
in order that progress may be made by small steps, and the 
largest possible number of reinforcers supplied. 

In teaching devices, the reinforcement is a direct consequence of the 
student’s behaviour, usually in the form of confirmation of the correct 
answer [17]. 


Activity 


The second principle is that pupils must act on each ‘unit of 
information’ by means of exercises provided to assimilate it. 


Success 


Children will learn as quickly as pigeons do if they are given 
the possibility of succeeding as often as possible. The activity 
required for the assimilation of knowledge must lead to success. 
The implications of this third principle are very important: error 


and failure must be avoided at all costs because they are obstacles 
to learning. 


Immediate verification 


For there to be satisfaction and success, 
his action is correct. Hence he must 
reply with the correct answer before pa: 
there must be immediate verification. 


the pupil must know that 
be able to compare his 
Ssing on to the next step: 


Learning progresses logically 


In the process of learning, activity should centre increasingly 
on what is to be taught. In the case of the pigeon, success was the 
means whereby to fix its attention on certain modes of behaviour 
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which it was desired to have repeated. This should also apply 
to humans. Thus an attempt will be made to avoid all superfluous 
elements likely to distract the pupil’s attention. Learning pro- 
gresses logically. In this way it will be possible to speed up the 
process, i.e. to provoke increasingly complex modes of behaviour, 
gradually increasing in difficulty. Progress is graded. 


The principle of individual pace 


Lastly, as in the case of the pigeon, no attempt is made to force the 
pace or set time-limits. Indeed, it is for this very reason that the 
process of learning is accelerated with this method. Pupils are left 
to proceed at their own pace: this is the principle of ‘individual 
pace’, thanks to which it will be possible to individualize in- 


struction. 


Summary: step by step; active participation; success, reinforce- 
ment; immediate verification; logical, graded progress; indi- 
vidual pace. 


Here then are the main principles on which programmed 
instruction is based. As we see, each of these principles is based 
on the laws of behaviour discovered by Skinner in his laboratory 
experiments. A teaching system based on these principles and 
laws should therefore be effective and genuinely scientific, in 
comparison with the traditional empirical approach. Skinner 
presents programmed instruction as a new and scientific teaching 
method. By ‘teaching method’ we denote all the various ways and 
means by which, in order to teach given material, we take account 
of all known factors involved in learning the material (psycholo- 
logical, socio-cultural, etc.) and employ various techniques, aids, 
words or verbal images, devices, etc., conducive to its transmission 
and assimilation by the pupils. 

Thus, as regards method, programmed instruction is designed 
to produce two revolutionary changes: first, to individualize 
teaching, at the very moment when mass education has to be 
envisaged; and secondly to disregard error, and this at a time 


when academic failure is becoming an acute problem. The first 
of these changes is easily comprehensible; the second will probably 
be less so, and it will be necessary to return to it as occasion 


arises. 


Skinner and the place of error in teaching 


Skinner’s experiments convinced him of the primordial importance 
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of satisfaction in the process of learning. We have followed his 
observations and interpretations relating to his experiments on 
pigeons. On the basis of these experiments Skinner thinks there is 
sufficient ground for stating that error is bad becauseit is associated 
with lack of satisfaction. Hence the position he attributes it in 
ordinary pedagogical methods. 


CONCLUSIONS 


The principles governing application of laboratory data to teach- 
ing practice do not follow directly from the data themselves. 
Skinner was right in pointing to the consistency of the theoretical 
premises from which programmed instruction derives. However, 
it is not fair to say that he founded his teaching system wholly 
on the results of psychological research, thus turning teaching 
into a branch of applied psychology. Whilst stoutly maintaining 
his conviction that the maximum use must be made of the laws of 
behaviour, whose validity has been demonstrated by experiment, 
he also admits that their practical application involves so many 
variable factors that it is scarcely possible to proceed in the same 
way as in a laboratory. Nevertheless, he insists that teachers 
could learn much from experimental methods and ‘models’. 
While it is not possible to attain the same degree or rigour as in 
science, such procedures and techniques can be subjected to 
scientific requirements and a scientific attitude, which is essential 
to all scientific activity. 

By offering individual teaching adapted to the particular 
capacities of the individual pupil, programmed instruction will 
gradually affect the entire organization—the very conception—of 
school life. Teachers with classes of ten, thirty or fifty pupils cannot 
effect this transformation unaided. But precisely because scientific 
rigour is not possible without clearly spelling out the operations 
to be performed, the execution of these operations can be entrusted 
аго technology—in the strict sense of the 

is point does not mean it encroaches on the 
role of the teacher, whose job it is to work out the ‘programmes’ 
and make sure of their adaptability. 

One last remark. The above discussion of the theoretical 
bases of programmed instruction may appear to some readers 
to be an incursion, albeit necessarily a brief one, into a sphere far 
removed from the day-to-day work of teaching. This is only 
partly true; we know that everyone is fully aware of the need for 
changing the methods and content of teaching, but we know too 
that merely to ponder on experience is not sufficient. It is clear 
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that if we are ever to go beyond the stage of general criticisms 
and the resulting general recommendations, we must investigate 
other spheres, related domains, which may sometimes provide 
more specific ideas. It is for this reason that we think it useful to 
dwell on certain theoretical aspects, even if their practical appli- 
cations are not immediately perceptible. 
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CHAPTER II 


TYPES 
OR MODELS OF PROGRAMMED 
COURSES 


It is not intended to include here information commonly found in 
popular works on this subject. When such data are used or referred 
to, it will be for the purpose of drawing the attention of teacher- 
educators to points which frequently cause teachers difficulty, 
and giving them hints on different ways of presenting the types or 
models of programmed courses. We shall also give, in passing, 
definitions of the main specialized terms used in programmes. 

To set out the various types or models of programmes would 
appear, at first glance, to be a simple matter; one has only to 
count the large number of articles on the subject published in 
specialized journals. But mere description of them is not enough 
to enable teachers to grasp the differences or the analogies between 
these different models. 

It will, therefore, not be out of place to dwell at some length on 
this point, in order to show teachers how it is that Skinner's 
psychology can produce more than one method of presentation 
and that it can be applied in several different ways. 

In an endeavour to reply to these questions, we shall refer to 
the arguments which have raged round programmed instruction 
since the outset and we shall try to discern the main grounds for 
dissent. Thus this chapter, designed to be of a descriptive nature, 
will in fact complement the chapter on history and psychology. 
The contents of the other chapters will be similarly flexible, 
which is to some extent inevitable owing to the fact that we tend, 
whenever concentrating on one particular aspect of the subject 
(psychological, historical, pedagogical), to change or refine our 
views on other aspects. 

We shall begin with the type of programmed lesson conceived 
by Skinner himself, representing the most orthodox adaptation of 
the principles and ideas presented in the preceding chapters. 
There also exist other types, which we shall present subsequently, 
explaining the differences between them and Skinner's model. 
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THE SKINNER PROGRAMME 


Before embarking on any description, we shall provide teachers 
with a practical example, and give them an opportunity to study 
a lesson in the same way as their pupils would. It is preferable, 
for reasons which will become clear later, to give them a ‘pro- 
grammed course’ designed for the pupils of the class they them- 
selves will be teaching. This is chiefly because the aim should be 
to present teachers with a teaching situation similar to that they 
have experienced, so that they may be able both to understand 
and to criticize it. 
We give below two examples. 


EXAMPLE ONE [і] 


A set of frames designed to teach a third- or fourth-grade pupil 
to spell the word ‘manufacture’. 


1 MANUFACTURE means to make or build. Chair 
factories manufacture chairs. Copy the word here: 


2 Part of the word is like part of the word FACTORY. 
Both parts come from an old word meaning MAKE 
or BUILD. 


MANU . 2e ж cnt URE 


3 Part of the word is like part of the word MANUAL. 
Both parts come from an old word for HAND. 
Many things used to be made by hand. 


FACTURE 


4 The same letter goes in both spaces: 
A 3 SUF <. OTURE 


5 The same letter goes in both spaces: 
MAN . FACT . EE 


6 Chair factories . chairs. 
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EXAMPLE TWO 


No. 1 Idea of sets 
In mathematics, SET is the word applied to something 
very specific. We are now going to learn what this word 
indicates by taking simple examples. 

The following words denote things with which 
we are familiar:—group—team—tribe—family 
association—troop—crowd—swarm. 


A crowd, for example, is a ‘collection’ of individuals. 


Similarly each of the other words listed 
above denotes a .......... of things 


Complete by writing one letter in place of each of the 
above dots. The response is given on page 2, top left-hand corner. 


Answer No. 2 Idea of sets 
No. 1 The tribe, the family, the swarm, the crowd are 
Collection collections. Each of these collections comprises 
several objects. 
But we do not always know exactly what these 
collections are composed of. 
Can a group be composed of pupils, 
of soldiers or of houses? 
YES NO 
Underline your response then check it on page 3, top left. 
Answer No.2 A group may consist of pupils, of houses, 
No. 2 of soldiers, etc. 
Yes We do not know precisely of what it is composed. 


Someone may tell you: ‘There was a large crowd 
in the square last evening’. 
A crowd is a ‘collection’, like a group. 


But do we know precisely what the 
collection forming this crowd is 
composed of? 


Reply here, ‘yes’ or ‘no’: . . 
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No. 4 We know neither who the individuals forming 
the crowd are, nor how many there are. 


Take care to remember this: when it is not known precisely 
what a collection is composed of, it does not convey to us 
the notion of a set. 


Is it known exactly what the French 
football team that played on 10 May 1965 
was composed of? 


Reply here: 


Answer 
No. 4 


Yes 


No. 5 Of course it is: It is possible to find out exactly 
what ‘the French football team that played on 
10 May 1965’ was composed of. You yourself don't 
know exactly, but you could find out by reading the 
newspapers which described the team that day. 

This example gives the idea of a SET, since it is 
known precisely what this collection is composed of. 


Not all collections convey the idea of 
a 


Complete the above, inserting one letter in place of each dot. 


Answer 
No. 5 
Set 


No.6 Wecan find many examples of collections where 
we know precisely what they are composed of. It is 
only these collections which convey the idea of 
specific sets. 

Examples: 

‘the set of tables in our tefectory’; 

‘the set of table legs in our refectory’; 

‘set of figures (from о to 9)’; 

‘the set of my marks for last month’. 

In all these examples, the idea ofa . 

is specific because we know precisely 

Sod - + . . each set is composed. 
Complete the above by replacing the dots by letters. 
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Description and terminology 


The above examples are extracts from programmed lessons. 
The term ‘sequence’ is often used to denote an entire programmed 
lesson, and the term ‘programmed course’ to denote a set of 
sequences relating to the same subject. 

A sequence, as shown by these examples, is composed of several 
parts (see Fig. 9 (a) below). Each part is clearly separated from the 
others, and a graphic representation of the layout is a means of 
indicating this more clearly. In this case, for example, the whole 
is enclosed in a large rectangle; this is one of the reasons for the use 
of the word ‘frame’ to designate a part of a sequence. The contents 
ofa frame are called an ‘item’ but, since the layout varies consider- 
ably, there is a tendency to drop the distinction between frame 
and item, and to use the word item for both. Strictly speaking, 
then, a sequence is composed of a certain number of items, which 
are usually numbered and studied in numerical order. In this 
case it is item No. 3 which is being studied. 


С А С А 


Response Unit of Response Unit of 
No. 2 information 3 No. 3 information 4 


B B 


Question 3 Question 4 


Fic. 9. (a) (b) 


The item itself consists of several parts, which are in some cases 
separated. The above diagram shows one way in which it may be 
separated, but there are also other ways. One part gives a piece of 
information (part A) which is limited, i.e. elementary, and quanti- 
tatively as small as possible. ; 

The presentation of this information is followed by a question 
or an exercise on it (part B), to which the pupil must reply before 
he can continue to the next item, for instance No. 4. (Fig. 9 (b)). 
In part C, he will find the correct response to the question he has 
just been asked. He may thus compare it with the response he has 


55 


Types or models of programmed courses 


just given and check whether his response is correct or not. This 
done he can pass to the following piece of information (A) in item 
No. 4 and reply to the question following it. He will then check his 
response in part C of the following item, continuing in this way 
until the end of the sequence. As we see, a printed sequence is 
very easy to handle with a few simple instructions and a few 
examples.1 Н , 

Each sequence is, as a rule, rounded off by tests or questionnaires. 
The purpose of these is to enable the teacher to check progress. 
One such test, the so-called initial or pre-test, is presented to the 
pupils before the sequence, in order to make sure that they Sen 
the requisite knowledge or have reached the requisite standar Н 
to embark оп that particular sequence; the second, the final or 
post-test, is presented after the sequence, to make sure that its 
contents have been properly assimilated. 1 

This composition is characteristic of the Skinner-type рго- 
gramme. Our description of it is based on sequences presented on 
paper, i.e. where the aid takes the form of a book or exercise 
book, this being the most common form. Other types of aid such 
as machines can also be used. Although in the case of a machine 
the layout is different, the composition of the sequence remains 
essentially the same, with pupils following the same type of 
proces, made up of unit of information, question, response, 
correct response and so on. s 

We may find this type of very rigid organization surprising and 


wonder how it incorporates the principles of sound learning as 
defined by Skinner. 


Why are Skinner’s sequences composed in this way? 


In other words, we should like to know if this presentation, using 
various aids, makes it possible to adhere faithfully to the principles 
listed under ‘Summary’ at the end of the preceding chapter, 
which are based on the application to teaching of the laws of 
behaviour. 

As early as 1954 Skinner gave a clear answer to this question. 
In 1969, we find him emphasizing again that the avoidance of 
error at all costs is essential for learning in the best conditions. As 


т. Many people are understandably afraid that pupils may find it difficult to handle either а 
Programmed course or a teaching machine. The results of observations made on this subject 
are reassuring, as illustrated by the experiment described below. А 

Young children learnt to handle the most highly developed machines and succeeded i 
communicating by means of typewriters. By the end of a few sessions, which were es 
without their being aware of it, it was noted that many of them had become so familiar wil 
the whole of the apparatus that they were trying to type out their answers with their toes! 
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applied to teaching, to learning by human beings, the main 
concern is the avoidance of error, and to this end, it is essential to 
eliminate all digressions liable to distract pupils’ attention, all 
obscurities and difficulties that pupils would be unable to overcome. 
Why? Because error stops and discourages the pupil, and the 
repetition of error is tiring and an obstacle to learning. Failure is 
harmful, success beneficial, as proved by the experiments carried 
out in the laboratory. It is essential, therefore, to exploit the fact 
that success leads to success, progress to further progress. Each 
sequence must be composed, down to the minutest details, in 
accordance with this rule. 


In order to increase the success rate and hence also the amount of 
satisfaction received, we shall simplify the information pupils are 
required to assimilate. Thus each item, or each of these ‘small 
steps’ will be reduced to a minimum. In order to make each step 
as small as possible, information will have to be cut up into the 
largest possible number of units. As we shall see in the next chapter, 
composing units of information is not always easy; but it is via 
these units or steps that the pupil gradually progresses. Some 
conscientious experimenters have even calculated that an item 
should average about thirty words! We endeavour, generally 
speaking, to ensure that each unit or item presents a certain 
minimum amount—a quantum—of difficulty to the pupil, to 
whom it must be given stripped of any verbal or other obscurities. 
Thus the expression or presentation of the information contained 
in each item must conform to certain rules, which are not always 
easy to respect. If the programming techniques are satisfactory in 
this respect, we may be said to have obeyed the first principle of 
Skinner’s teaching system, that of the step-by-step approach. 


Every unit of information constitutes a stage of progress. It is 
accompanied by an exercise, a question, but this is entirely 
separate from the problem the pupil is asked to solve after the 
lesson. The question refers to the actual unit of information convey- 
ed by the item, and is thus strictly limited. But there is more to it 
than this: it is not a question about a piece of information supplied, 
designed to check the assimilation of that information. On the 
contrary, it represents the means whereby the pupil, by replying, 
is able to assimilate the information; in other words, it incites 
the pupil to perform an operation, ie. to do that which makes 
learning possible. Skinner strongly emphasized this idea: that peo- 
ple only ‘learn’ operations by performing them, and only ‘grasp 
them by carrying them out in situations necessitating them. 
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The question terminating an item is not merely a secondary 
element designed, for instance, to make sure that the pupil is 
following or keeping up, it is rather an integral part of the learning 
process. And, important though it is to ensure the ‘purity’ of the 
learning process and the information provided, it is even en 
important to take care as to what is asked and how it is worde 7 
If programming techniques are fool-proof in this respect, we shal 
then be in a position to obey the second principle of Skinner's 
teaching methods—that of active participation. The term ‘con- 
structed response’ is also used in this connexion. 


Observation. At this point, the following objection is frequently 
made: learning is effective if it provides many opportunities for 
success; but it is not an authentic process unless the pupil takes 
an active part in it, unless he has to face problem-situations. 
The activity principle and the principle of success appear to be 
incompatible. There might be a tendency, in fact, to confront 
the pupil with problems which he will always be able to pear 
But is a problem to which he is sure of finding the answer a rea 
problem ? 

Teachers often ask this question. And many of those who are 
won over to programmed instruction tend to set real problems or 
real questions, i.e. to place pupils in situations such that they are 
liable to make mistakes. Whatever their underlying motives, 
this attitude indicates a fundamental lack of understanding of 
programmed instruction; and we must not hesitate to point out 
and condemn it every time we meet it. 

The point is that Skinner’s views on the question and the related 
activity are completely at variance with traditional views. His 
aim is not to propose an exercise on the basis of which to classify 
or rank pupils in accordance with their ability to overcome 
difficulties. All ideas of classifying pupils are scrapped: they 
must all succeed in everything. And this is only possible by giving 
them prospective satisfaction. That the difficulty of the problem 
is graded to the level of the student does not mean that there is diffi- 
culty: on the contrary, Skinner declares that this method enables 
students to overcome obstacles gradually increasing in difficulty. 


After the pupil has worked out his response, he is shown the correct 
one with which to compare it and check whether he is right. 
Skinner even gives figures for the rate of success: 95 per cent of 
Pupils, he says, should give the correct response to 95 per cent 
of the questions. The remaining 5 per cent are attributed to ато 
of no importance (slips of various kinds). The pupil must succeed, 
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and everything will be done to ensure that he does. But this does 
not mean setting him exercises which he already knows how to 
do or which he is already able to do—on the contrary, the aim 
is to teach him how to do them. Giving the means of learning 
successfully does not mean to say that success is sought for its own 
sake and at all costs. The essential thing is, still, to teach something. 
When we succeed in doing so, the principle of success is respected. 


The pupil is able to check immediately that his response is correct; 
and this provides the motivation for him to pursue and redouble 
his efforts in the study of the subject. Immediate confirmation provides 
the essential reinforcement, the means of sanctioning and enhancing 
the effects of success. It has a retroactive (or feedback) effect on 
the action immediately preceding it, fixing it more effectively than 
failure, which discourages the learner because the reason for it 
is not understood. 

It is already clear that it should be possible with programming 
techniques to prepare questions which relate to the information 
given, correspond to the pupil’s level and call for clear responses 
which can be verified by the pupil and so act as reinforcers. But 
this, as we may imagine, is no easy matter. We shall deal with it 
in the next chapter. 


Progress will be logical and graded from one item of the sequence 
to the next. Graded because, clearly, the complexity of the 
operations the pupil is required to perform will gradually increase. 
Hence we shall talk about the gradual transition from simple 
to complex operations. 

But why logical? It is easy to imagine how embarrassed a 
teacher of geography or mathematics would be if the psychologist- 
programmer began to talk about the logical basis which his course 
should respect. 

The teacher will most certainly ask what is meant by the logic of 
a subject that is to be taught. The subject, of course, comprises 
various concepts, linked by relations which can be manipulated in 
accordance with certain rules within a set of reasonings, some of 
which will be considered right, others wrong, according to whether 
they fit in with the rules or not. But it should be asked whether 
these concepts, relations or reasonings can be mastered in any 
other way except by putting them into practice. They possess 
then no other logic (or, to use technical language, internal struc- 
ture) save that by which they are learned. 

But the best way of learning them is, surely, by adhering as 
closely as possible to the laws of learning. Thus the logic of a 
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concept or a subject is the logic which is adopted for teaching 
it to others, following the laws of Skinner's psychology. 

Many people will think it going too far to use the experiments 
of behaviourist psychology as ground for telling specialists how 
the subjects they are teaching are organized. This is equivalent 
to stating, for example, that mathematical concepts are to be 
defined and interrelated according to the manner in which they 
are taught. Concepts, relations and modes of reasoning, according 
to this view, are subservient to learning. To state this in even 
more controversial terms: the material to be taught has no 
inherent mode of organization of its own, only that conferred 
on it in the processing of learning it. According to Skinnerian 
behaviourist theory, this is perfectly legitimate; at all events, 
no experimental means of proving the opposite hypothesis exists, 
whereas this hypothesis has proved its efficacy in action. 

The conclusion to be drawn from this is self-evident: the correct 
organization of the material—what we shall call its logic—is that 
which makes it possible to construct a coherent learning system, 
one which obeys the laws of behaviour. To put it more bluntly, 
it may be said that a good learning system is that which makes 
it possible to construct and thus discover the internal logic, 
structure or arrangement of the material to be taught. 

This statement may appear, at first glance, to have no bearing 
on reality, and even to be incorrect. A teacher who studies the 
subject he is teaching observes that it is constructed in a certain 
way and possesses a structure or an organization of its own, 


independently of him; and all his experience as a student appears 
to confirm this view. 


The teacher-educator for whom we are writing may doubt that 
this is, in fact, the case. If he asks teachers to prepare small pro- 
grammed courses (sequences) during practical work sessions, 
he will notice that the teams involved are up against a difficulty 


problem has been stated, to take no further action until practical 
exercises have given everyone an opportunity to pause and 
reflect on how he sets about preparing his sequence. 
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Observation. 'The reason why we have paid so much attention to an 
objection which is frequently raised against programmed ins- 
truction is that it can be used as an example in the discussions 
which will inevitably follow presentation of this subject. Simply 
to provide a group of teachers with information, however well it is 
done, affords no guarantee that they will assimilate it. To limit 
oneself to that is to incur the bitter disappointment of seeing them 
devise sequences much worse than their ordinary lessons, though 
they themselves might think them far more satisfactory. It is 
proposed here that, during the first stage, every idea inspired by 
new theories—Skinner's or others—should form the subject of 
a separate discussion. At the second stage, the practical work 
stage, such ideas will be taken up again: the objections raised 
to them will be recapitulated and students invited to give further 
thought to them in the light of the difficulties which have actually 
arisen in practice. In this way the initiation to programmed 
instruction can contribute to teacher training by encouraging 
a critical attitude directed towards real problems. 


To return now to our fifth principle: that progress must be logical 
and graded. Logical because it conforms to the laws of behaviour; 
graded because by spacing out the obstacles and employing 
reinforcement it will be possible to accelerate learning and ensure 
the grasp of increasingly difficult material. 


Lastly, pupils can take their own time. This eliminates one of the 
main drawbacks of the present method, the other two being the 
danger of failure and the classification system. Skinner adduces 
several arguments in favour of this principle, which is designed 
to eliminate the sense of guilt produced by failure or inability 
to keep pace. And indeed, there is little reason why a child of 6 or 
a student of 16 should be bound by the strait-jacket of the 
one-hour lesson. Those who can get through in less time are bored, 
those who need longer are discouraged and out of their depth. 
At this point, teachers are bound to put common-sense questions, 
such as what the quick learners are to do while their slower 
classmates are still at work, and what will be done with the very 
slow ones who have still not finished when the time comes to 
begin the next lesson with the whole class. 

These objections are extremely serious ones. Impressive though 
the principles of programmed instruction may be, they will be 
of small benefit if they cannot be applied. To attempt to dodge the 
issue is futile: it involves scrapping the whole notion of the one- 
hour lesson and of a class assembled for such a lesson. The question 
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of what is to be put in its place—in a school or college organized 
on the basis of a convenient time-table laying down the hours of 
classes, lessons and teachers once and for all at the beginning of 
every year—remains unanswered, or rather, there is no cut-and- 
dried, universal solution to the problem. But we should always 
remember that the question nevertheless remains on the file, 
alongside all the arguments put forward by psychologists such as 
Skinner. Before considering what is to be said on either side, 
it would be wise to await the conclusions drawn by teachers from 
their own experience. It seems preferable to wait, for the simple 
reason that the very general criticism to which such questions 
give rise results in solutions, being offered in no less general terms. 
Discussions started at this level, and with no more precise data, 
frequently tail off into generalities which merely cause irritation 
and discourage a serious, well-informed approach to the subject. 


Conclusions 


We discussed, in the previous chapter, how and on what principles 
psychological data could be applied in teaching; and we have just 
seen how, both in its form and in its use, the programmed sequence 
exemplified the pedagogical principles deriving from these data. 
Though the transition from theory to practice would appear 
to be a natural one, we have surmised that it may not be altogether 
smooth. The system may perhaps have flaws, the nature of which 
we have suggested in the course of discussing some of the commoner 
objections to it. 

Skinner’s theories do not represent the whole of programmed 
instruction. Other theories, which, unlike his, do not involve the 
introduction of a whole scientific apparatus, have also been 
put into practice. The fact that Skinner’s theory does not stand 
alone makes programmed instruction a city rather than a single 
edifice. And one of the first buildings we shall notice in that 
city is that of Crowder. 


THE TYPE OF PROGRAMME DEVISED 
BY CROWDER [9] 


Origins 
et is not a trained, professional psychologist. As a technician, 
e had occasion to deal with vocational training, which brought 


him face to face with problems of efficiency, of improving and 
accelerating learning without increasing the percentage of drop- 
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outs and failures. His job, at one time, was to train technicians 
in the repair of aircraft engines. 

Crowder observed that the situation of a student technician 
faced with an engine which had broken down is entirely different 
from that of a student setting out to study mathematics: the latter 
is completely ignorant of the subject he is required to study and 
then to apply, whilst the former is familiar with aircraft engines. 

The problem for the technician is how to find the cause of an 
engine breakdown as soon as possible without first dismantling 
the whole engine to put it right. The cause is unknown, and the 
mechanic is faced with a silent engine. It is a case of posing 
the minimum number of questions from which to deduce the 
cause of the breakdown. Thus errors are inevitable when diagnosing 
the cause of the trouble; but the main point is to take account 
of these errors so as not to go off at a tangent and start checking 
the thickness of a pane of glass when it is an electric circuit that 
is at fault! Thus the good mechanic is the man who, with every 
test, eliminates the maximum number of possible causes, and so on 
until he puts his finger on the right one. Anyone who has ever had 
to repair a mechanical apparatus of any kind—car, motor-cycle 
or bicycle—is familiar with this situation and knows that some 
people carry out repairs faster than others, in other words that 
some methods are more efficient than others. 

Some people proceed more or less at random, hoping to land on 
the lucky number as if in a lottery and, of course, they sometimes 
win, Thus a garage hand whose first guess is that sand is blocking 
the carburettor may astonish you by setting your car to rights at 
once. He had one chance in several thousand of being right! 
Statistically speaking, he was wrong to go straight to this, but 
he could have been lucky and guessed right. Other people set 
about the job systematically. They know that they may make 
mistakes, but they also know how to proceed if they do. One 
mistake committed, rules out the need for a lot of searching, 
thus reducing the number of hypotheses to be tested. So the 
mechanic proceeds, from hypothesis to hypothesis, each time 
eliminating the maximum number of possible causes of trouble. 
Naturally he makes mistakes, since he is not able to repair the 
engine at the first attempt; but he sets to work methodically and 
systematically, which is more than can be said of his colleague, 
acting solely on the ‘hit or miss’ principle—though this is not 
tantamount to saying that the latter is only groping in the dark, 


for he is guided by a ‘hunch’. 
For all this, the ‘hunch’ of the garage hand who rushes to look 


for a grain of sand in the engine is not a hypothesis which he is 
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Out to test; he is virtually certain he is right, though he has as yet 
no grounds for his belief. Thus it is not merely the methods he has 
to be taught, since all his actions stem from a false ‘idea’. All 
teaching systems must take account of these ideas which, though 
they lead to an unsystematic organization of the data and to 


remains the same, but the routes they take to reach that goal 
may need to vary in accordance with the ideas which they start 
off with or pick up on the way. Appropriate methods will be 
applied, in each case, for dealing with such ideas and correcting 
them as they become apparent. 

This is essentially what Crowder’s type of programme proposes 
о do. Before explaining how this programme is composed, we will 
give an example which should be considered only an illustration 
and not a model, 


A 


In mathematics, the word ‘set’ denotes something specific. 
We shall endeavour, today, to define what this is. 


You have already heard this word used, and have used it yourself. 
For example: 


a set of tools—hammer, chisel, pliers, etc.; 

a twin set, in ladies" clothing, and so on. ` 
In each of the above cases, the word ‘set’ is used to denote a collection of 
several things forming a whole—people, tools or garments. 

But there are also many other words which convey the idea of a set: 

For example: a team; an association; a troop; a collection, and so on. 
many others. 
the idea of several objects, collected together. 
But we do not always know precisely what these objects are. With the 
word ‘set’ (in the mathematical sense of the term) we do. Here are un. 
examples. Which gives the more precise idea of a set (in the mathematical 


e A group of individuals ~ go on to B. T. 
* The players of the French football team in April 1965 
— go on to C. 
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E Very good. That is correct. 


It is possible to find out how many spectators there were at the rugby 
match France versus Wales, either by counting the number of entrance 
tickets, or by means of photographs. 

We know, in any case, that the stadium contains a limited number of 
places; also that all the spectators are inside the stadium. 

In the case of the Cóte d'Azur, the position is different. It is not absolute- 
ly clear what area it covers: some people would say it goes as far as Cannes, 
others as far as Toulon. Thus it is not possible to find out precisely how 
many people were on holiday on the Cóte d'Azur. It is a little vague, as 
you see. 

e Go back to A, and pay more attention to the question you are 


being asked. 


B You have not thought about it properly! 


When we say that a measurement is precise, it means that we know the 
number of units of measurement contained in a certain volume, for 
instance. 

Similarly, the idea of a set is precise when we know exactly what this 
set is composed of, i.e. what objects it comprises. 

A ‘group’ of people may be composed of 10, 50 or 100. We can give 
no further details; nor do we know what it is that links them together. 

On the other hand, everyone knows that the ‘1965 All-France Football 
Team’ is composed of 11 players, each of whom can be named. 

Here are two more examples: 
1. The spectators of the France-Wales Rugby match in the stadium 


on the day of the match. 
2. The people on holiday on the Céte d’Azur in the summer of 1966. 


Which of these two examples gives us the more precise idea? 
e Example 1 — go on to E 
e Example 2 — go on to D. 


G Very good. 


The set composed of the ‘cigarettes in this packet of Woodbines' comprises 
nothing but what it says, i.c. the ‘cigarettes in this packet of Woodbines'. 
We do not mention tobacco in order to specify the idea of this set: thus 
tobacco is not one of the objects of this set. 

Do you now understand a little better how a set is defined? 

Before going on, go back to C and select the correct answer. 


Types or models of programmed courses 


С That’s very good. Your answer is perfectly correct. 


"The players of the All-France Football Team in April 1965’ gives us 
the precise idea of a set. 
We can find out precisely who the players composing this team were. 
They cannot be confused with any others, and they alone compose this 
set. 
The idea of a set is precise when its composition is known exactly. 
When, on the other hand, we speak about a ‘group of individuals’, we 
do not know either how many people it is composed of—5, 10 or 20—or 
who these people are. This group is therefore not a set (in the mathema- 
tical sense of the term). 
Let us remember this: we have the idea of a set when its exact compo- 
sition can be known and is stated. " 
Let us now take another set: ‘the set composed of the flowers in this 
bunch'. 
It is both known and stated what this is composed of. 
Do the ‘petals of these flowers’ form part of this set? 
Think carefully before giving your answer. 


e Yes — go on to F 
e No > go on to I. 


D It is not certain. 


It might perhaps be possible to count the number of ‘people who were on 
holiday on the Côte d'Azur in 1966’, but, to do so, we should have to 
know exactly what the Cóte d'Azur comprises. We do not know exactly 
where this region begins and where it ends. Is it composed only of the 
beaches and the towns lying along the coast between Monaco and Cannes? 
Or between Monaco and Toulon? Does it also include the towns located 
inland? 

People do not all agree, and have not all, therefore, the same idea of 

‘the set composed of the people on holiday on the Céte d’Azur in age 
As you see, this conception can hardly be a precise one if we are not v 
talking about the same set. 
Я On the other hand, we can find out exactly who were the ‘spectators 
in the stadium on the occasion of the France-Wales Rugby match’. And 
we know that only these spectators belong to this particular set. Thus 5 
idea of this set is а more precise one. 

Turn back to A and select the correct answer. 
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I The question was a difficult one, and you have answered it 
quite correctly. Well done! 


When I speak of ‘the set composed of the flowers in this bunch’, I say 
clearly this set is composed of the ‘flowers in this bunch’, that and nothing 
else. I have not said that the set contains the ‘petals of these flowers’. 

Conclusion: These petals do not form part of the set in question. Let us 
now take ‘the set composed of the chairs in this class-room'. I say that it 
contains the ‘chairs in this class-room’. 

I do not say that it contains the legs of these chairs or anything else. 

Conclusion: ‘The set composed of the chairs in our class-room’ does not, 
therefore, contain ‘the legs of these chairs’. 
We say that: 

The chairs in our class-room are objects. These objects comprise the 
set in question. 
The legs of these chairs are likewise objects. But they do not form part 
of this set. 
Another example: ‘The set composed of the bees in this swarm’. 
‘These bees’ are the objects of this set. 

‘The wings of these bees’ do not form part of this set because this has 
not been stated. 

Can it be said that the wings of the bees are the objects of another 
set? 


e Yes > goonto... 
e No > бооп іо... 


F This will surprise you; but you are wrong! 


In the ‘set composed of the flowers in this bunch’, we speak of ‘flowers’ and 
not of ‘petals’. And the idea is a precise one because we know what it is 
composed of, ‘these flowers’ and nothing else. 

Similarly, I say that the ‘set composed of the chairs in this class-room’is 
composed of ‘these chairs’ and nothing else. The legs of these chairs are 
not included in this set because I have not said so. 

As you see, we must pay great attention to what we say when speaking of 
a set. 

When speaking of the set composed of ‘the cigarettes in this packet 
of Woodbines', are we talking of the tobacco? 


e Yes > goon toH 
e No > goontoG. 
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H You are making the same mistake as you did just now! 


Everyone understands perfectly well that you have to have tobacco in order 
to make cigarettes. But if one is thinking of the manufacture of cigarettes, 
one is not talking of sets. Nor is one doing mathematics, as we are endeav- 
ouring to do. 

When I speak of ‘the set composed of the cigarettes in this packet of 
Woodbines’, I say that this set is composed of the cigarettes in this packet, 
and nothing else. I have not said that this set is composed of tobacco. In 
the set, as defined in mathematics, the tobacco is not mentioned: it does 
not form part of this set. Have you really understood? 


e Think carefully, then turn to G. 


Description and method of use 


It is clear from this programme extract that pupils are directed 
along various routes according to the responses they make. There 
are thus several possible paths; the one taken depends on the 
answers the students give at each stage, and different students 
may go different wavs. Figure 10 below shows the various 
stages of which a possible sequence is composed. 

The diagram is not as complicated as it looks. Each of the 
numbered stages represents a part of the sequence, and consists 
of a completely separate item, as in the case of Skinner’s pro- 
gramme. A pupil who gives the correct answer every time proceeds 
straight on to the end: his progress is shown by the straight line, 
Passing through stages 1, 3, 4, 7, 11, 21, in that order. Another 
pupil makes mistakes, which lead him along another route, taking 
him for instance through stages 1, 2, 3, 4, 19, 20, 7; 11, 21; yet 
another pupil, who makes different mistakes, has to study items 
1, б, 9, 3, 4, 7, 4, 19, 4, 7, II, 21. 


Fic. 10. Stages of a sequence. 
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It might be amusing to calculate the number of different 
possible routes, with 35 items, interlinked as shown by the arrows 
in the diagram. 

In any case, it will be seen that each pupil follows only one 
route in the sequence, although, for some of them, it is as if one 
and the same lesson was composed, of several sequences. It is for 
this reason that this type of programme is sometimes called a 
‘polysequential’ programme, as opposed to the *uni-sequential* 
Skinner-type programme, where all pupils follow the same route. 
Let us now take a closer look at the items. 


Items. These, by and large, comprise the same elements as Skinner's 
items: information, a question and, in the following item, for- 
mulation of a response depending on the response selected. But 
we see too that the responses differ greatly in their nature and 
form. Let us take, for example, item 1. The information contained 
is no longer simple and rudimentary, but of a certain complexity 
and variety. A question is asked, but the pupil is not required to 
formulate a response, only to select, from several responses, the 
one he considers to be correct.! And lastly, the item to which 
the pupil is referred by the choice he makes does more than 
simply supply the correct response: when a mistake is made, 
it sometimes even refrains from giving the correct response and, 
what is more, may even administer a reprimand. 

The information is given in larger amounts: it constitutes 
a whole series of the small units or ‘small steps’ carefully dif- 
ferentiated by Skinner. Crowder considers that only in this way 
can the ‘ideas’ which link together the behavioural elements 
be brought out. The size of step will thus vary according to the 
estimated likelihood of a particular idea, whose existence one 
has previously observed, emerging or being formulated. 

The question set is the means whereby one can check that one 
has estimated correctly. The question no longer forms the basis for 
prompting pupils to give the correct result: they do have to select 
the correct answer, but from amongst various others, which are 
incorrect. Without realizing it, the pupil is led to engage in 
activity about which he is conscious of nothing but the aim—to 
select the correct answer from several possible ones. Thus, though 
the activity of the pupil is solicited, it no longer constitutes the 
instrument and the reinforcer on which Skinner built up his 
learning proces. On the contrary, with the multiple-choice 
system, only the final result can be observed, although the very 


1. This explains why this type of programme is also called a ‘multiple-choice’ programme. 
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selection of one response rather than another indicates that the 
pupil must have organized the preceding material on the basis 
of a certain central idea or strategy. Such, at any rate, is the 
assumption of the programmer when compiling the set of possible 
answers. 

As in Skinner’s method, the principle of immediate confirmation 
of results is respected, and the pupil cannot pass on to the text 
stage until he has checked the correctness of his answer. In fact, the 
analogy is not complete, since it is no longer a case of the pupil’s 
always having to check that he is right. To some extent this goes 
against the theory of operant reinforcement. Crowder does not 
deny this, and admits frankly that his type of sequence makes 
no claim to a theoretical basis. In order to explain more clearly 
where the theoretical differences between the two systems lie, let 
us follow the progress of a pupil working on a Crowder programme. 

Say he is at item 1: he is presented first with the information 
and then with a question, and required to select the response 
he considers satisfactory. This he does, and is then sent on to 
another item. There are several possibilities at this juncture: 

I. His answer is correct, in which case he is congratulated 
by some formula confirming the correctness of his choice, ranging 
from the simple statement, "That's right!’ to some more effusive 
expression of satisfaction. Some theorists have compiled a whole 
Series of graduated comments, adapted to the quality of the 
answer and taking account of the pupil's possible reactions. 

This comment is the means of reinforcement which, it may be 
thought, is a misuse of the term. Reinforcement operates on an 
observable, prompted activity. It is not being applied here simply 
to the result of the activity, in order to fix the response selected, 
but rather to the reasoning leading to the selection of that response. 
The point is that an attempt is also made to reinforce the attendant 
activity: the pupil is not simply patted on the head, but is also 
given an explanation of the reasoning leading up to the result 
obtained, so that he is able to check whether he arrived at the 
result by the same means. Thus it is here that reinforcement is 
шшш applied. This point should be stressed, since it is often said 
that reinforcement is confined to the intital expression of commen- 
ted Subsequently, the pupil can be given further information, 
But itis T a question accompanied by a set of possible шү, 
е so conceivable that this may take the form of anothe 

to which the Pupil has been referred. у 

2. The pupil has given an incorrect answer—one which is 
Wrong, merely incomplete, or downright absurd. In this case, 
he is sent on to another item, in which he is informed that his 
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answer was wrong. This information may be conveyed by a 
number of phrases, perhaps more numerous even than those 
used for congratulating students on success, ranging from a simple 
statement of fact to a metaphorical rap on the knuckles with all 
manner of intermediate formulae. Thus, carelessness or serious 
mistakes in reasoning are roundly condemned. The sole purpose 
of allowing mistakes is to eradicate them, so the faulty process of 
reasoning which led to them is elucidated in order that the pupil 
may understand where he went wrong, and reach the point 
where he can himself see that his answer was wrong and put 
it right. 

Thus, with this attitude to error, a veritable remedial system is 
built into the learning process. The pupil who commits an error 
is separated from his fellows and given individual treatment. He 
may simply have gaps in his knowledge, or he may have forgotten. 
The correction items to which he is referred thus serve several 
purposes: first to correct the student and put him straight; 
but also to supply additional information, refresh his memory of 
ground previously covered, or even give him a ‘breather’ before 
resuming the subject. And for each of these purposes, a special 
route has been devised. This is known as a ‘branching’ or branched 
programme, as opposed to Skinner's ‘linear’ programme. 


Branching programmes and the individualization of learning 


Students obviously progress at their own pace, so that the method 
is individualized as regards speed, as with linear programming. 

At the same time students progress according to the way in 
which each one grasps the material taught. The sequence is so 
designed that students’ reactions are tested at every stage and 
adaptations made accordingly, making the programme both 
depend on and influence the attitude of the student. Since both 
the content and the method of presentation are adapted to the 
student, this type of programme is called ‘intrinsic’, whereas the 
term applied to the linear type of programme is ‘extrinsic’. 

It would, however, be raising false hopes not to mention that 
the adaptability of these programmes is subject to certain limi- 
tations and is not always as complete as we suggested above. 
Adaptability depends essentially on the nature of the aid or device 
used. In the case of programmes based on textbooks or workbooks, 
for instance, items cannot always be arranged in order, since 
each sequence comprises several superimposed routes; also, it is 
essential to avoid placing the answer item next to the question 
item, otherwise the student will be able to look at the correct 
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(or incorrect) answer before selecting his own. This is why the 
items are deliberately arranged out of order, and we say such a 
book is ‘scrambled’. When a mistake is made, it is corrected 
immediately. The system should, in principle, be such as not only 
to correct the mistake, but also to go back over the steps leading 
to that mistake, and any previous mistakes as well. In practice, 
this would involve devising routes which do not coincide or 
include no common sections, even though there are many elements 
common to them all. This would make the sequence too large and 
unwieldy. In other words, the restrictions imposed by the nature 
of the aid or device we are using oblige us to plan routes which, 
though different, have nevertheless many common sections. 
The only way round these restrictions is to use highly perfected 
electronic devices, particularly computers, where the volume of 
the information to be fed in is of little importance, since retrieval is 
both simple and rapid. 

With branching programmes, the aid or device used is important 


since it determines, in some measure, the type of instruction 
adopted. 


Should linear and branching programmes be compared? 


This question inevitably arises, and we must expect to be asked 
to discuss the respective merits and drawbacks of the two. This 
revives the old quarrel which set the Skinnerians against the 
Crowderites until they realized that they were often talking about 
different things: the former were attacking on theoretical grounds 
while the latter were defending themselves on practical grounds, 
and vice versa. It was at this point that convinced supporters of 
the Practical approach suggested settling the dispute by an 
experiment, consisting of assembling and arranging sample lessons 
and then comparing the results obtained by the two methods. 

No significant difference of efficiency was noted. And this ‘tie’ 
satisfied many people by justifying the existence of both factions. 
The only drawback is that, even if the results had been different, 
this would have been no argument in favour of the system which 
came out best. 

As regards method, it is a truism to say that things which are 
not comparable should not be compared; and, as we have stressed, 
the fact of being based on two wholly different conceptions of 
error leads to such wide divergences between the learning methods 
Proposed by these two types of programme that it is difficult 
fo set them one against the other. 

It might be concluded from the above that the choice of one 
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OOOO LOOO OOO 


Fic. 11. Linear sequence. 


or other method is merely a matter of personal preference. How- 
ever, the fact remains that over eight out of every ten courses 
produced are linear. There is good reason to suppose this is due 
to the fact that linear courses are readily believed to be easier 
to organize, and to use simpler aids. This may explain to some 
extent why they are preferred. 

Some guidance in the matter can be obtained from students? 
reactions: they find both only linear or only branching programmes 
in the long run tiring and monotonous. This suggests to us that 
we should opt for a combination of the two, using both alternately 
in order to achieve a certain variety. The desire to exploit the 
respective advantages of both systems has led teachers and research 
workers to propose various different combinations of the two. The 
best known of these is what is known as ‘skip-branching’. 


SKIP-BRANCHING 


This method was presented by Leiris. It is illustrated by the 
diagram above, which represents a linear sequence (Fig. 11). 

What Leiris did was to devise certain variations on the linear 
sequence: by accelerating or slowing down the rate of progress, 
itis possible to match more clearly the pace of all types of student— 
the impatient, the cautious, and so on. Various possibilities can 
be provided: (a) a faster route for the quick student, impatient 
to forge ahead (Fig. 12); (b) a slower route for the student who 
feels he is being hurried too much (Fig. 13); finally, (c) a loop route 
to allow the student who is out of his depth because he over- 
estimated his speed to retrace his steps (Fig. 14). 


ODO OOODO 


Fic. 12. Express routes. 
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Fic. 13. Peaceful byways. 


OOOO ODO 


Fic. 14. ‘I was in too much of a hurry.’ 


Variants of this kind can obviously be devised at leisure. But 
We may ask whether sequences such as these differ from garage 
Sequences of the Crowder type. When the aid used is a book, t с 
material will have to be scrambled, since one and the same boo 
Proposes various alternative routes. But this is the only real 
resemblance between a skip-branching system and a branding 
sequence. Skip-branching takes no account of error, nor peek 
Propose any special form of learning for the student who makes 
an error. The ‘jumps’ make the pace adjustable, since the lesson 
can be adapted to the speed of the individual student who no longer 
has to slow down to keep pace with the other students follo au 
the same route as he is. The aim of those who have invente 
variants to both main types of programme has almost ae 
been to make the programmed course more adaptable to the 
needs of the individual student. nes 
, Other variants are also possible. They consist of ошый, 
In one and the same Sequence, two or three of the models describe : 

hus there is clearly plenty of choice and there are many чч 
Possible combinations, Only the fact that the sequence пе 
's bound to be of great complexity inclines us to limit the amoun 


74 


Types or models of programmed courses 


of inventiveness expended on the subject before a complicated 
solution is adopted. 


CONCLUSIONS 


There are numerous types of programme. This proves that 
Skinner’s model and the underlying theory do not satisfy everyone. 
Nevertheless, to ask teachers to make a comparison would certainly 
involve them in fruitless disputes. Many of the conflicting argu- 
ments fall away as soon as one actually gets down to writing 
programmes. 

It becomes clear, when composing the sequences, that the 
theoretical aims or the prospects held out by the various types of 
programme are one thing, the techniques required for their 
realization quite another. It would be a mistake, however, to use 
existing difficulties or preferences as a pretext for deciding that 
linear—or branching—programmes are better before even 
attempting to produce any. 
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CHAPTER III 


TECHNIQUES FOR 
ELABORATING 
PROGRAMMED COURSES 


INTRODUCTION 


Having looked at the history of programmed instruction, its 
theoretical foundations and the types of programme, an account 
of its techniques will serve as introduction to the practical phase, 
during which teachers will be asked to devise their own sequences 
and then try them out with pupils. When told this is what they are 
going to be asked to do, teachers may well experience some 
alarm. The theory seems so rigorous, and the programme types 
Seem so well defined that they might feel they need many years 
experience and considerable background knowledge before 
moving on to actual programming. 

There is in fact no need for alarm. The complexity of these 
techniques and procedures is only apparent. If we do run into 
difficulties in applying them, we shall soon see that these arise not 
from the manner of their application, but from such factors as 
the material to be taught, the aid or device chosen, the type of 
pupil—all problems which such techniques are often expected to 
solve, but which it is not their job to solve. Yet experience has shown 
that there is a great temptation to imagine that the difficulties are 
over, and that one’s teaching is scientific, just because techniques 
are to be used to elaborate it. We shall probably have to struggle 
against this illusion, since it gives false confidence and conceals 
the real teaching problems. For this reason we shall constantly 
be concerned to direct attention towards such problems rather 
than to give a comprehensive description of all the techniques 
involved, 

There are other reasons which justify this approach, reasons 
Which teacher-educators will easily appreciate: 7 

€scriptions of these techniques are already available in very 

good textbooks and articles. There is therefore no point in 

repeating them [1] 
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A mere description of the techniques will not be enough for 
teachers. It may well lay them open to unfortunate miscalcu- 
lations when they come to apply them. For the more intellectu- 
ally satisfying these techniques may seem on first acquaintance, 
the more at sea their subsequent application is liable to leave 
the teacher, with no notion of what has caused the difficulties 
which have arisen. In addition there is a danger of more serious 
repercussions if teachers are merely supplied with lesson- 
making techniques in the same way as an industrial engineering 
school supplies its pupils with techniques for making a manu- 
factured product. The strict rules which have to be obeyed, 
the set order in which operations have to be carried out, the 
sanction conferred by testing, the ease with which the impres- 
sion can be conveyed that such techniques will solve the prob- 
lems they encounter—all this is going to leave teachers either 
fully convinced or completely sceptical. 

It will be no surprise, then, if the attitudes we condemned at 
the beginning make a reappearance, supported by a new set 
of rationalizations. Some will be based on the feeling that the 
application of techniques is a panacea, others will light on the 
imperfections of those techniques as a pretext for rejecting 
them all en bloc, and programmed instruction with them. Both 
attitudes show little understanding of the value of techniques 
and a poor appreciation of their real advantages. But perhaps 
the worst feature of the situation is that such attitudes will 
also have nurtured a distrust of all projects for the reform of 
teaching. E | 

If such a crystallization of the initial reactions is to be avoided, constant 
account must be taken of any questions teachers raise. When presenting 
these techniques, the expert must not hesitate to stress their 
shortcomings and imperfections. When criticisms are formu- 
lated or presented, he should pick out their positive aspects and 
focus the main attention on problems that affect teaching 
practice. , J 

With this in view, the many different techniques in use will be 

divided into two types: first those which, directly or indirectly 

can be traced back to Skinner's original inspiration; secondly 
those which, while drawing on the tests and findings of the first 
group, have broken with that tradition in order to go further. 

There are many conflicts between the two groups, but there is 

little to be learned from attempting to follow the debate. What is 

more important is its outcome. For the rival theories give rise to 
controversy and as they come into conflict, they are challenged, 
revised and replaced. Programmed instruction is becoming 
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diversified, inspiring new inventions and finding new applications. 
Its development continues amid a growing profusion of doctrines, 
techniques, refinements and variants. It is important to realize 
this if we are to understand the part such techniques should play 
and obtain a true picture of them. The search for improvements 
is the result of practising such techniques, putting them to the 
test of actual use. This means it would be very difficult to trace 
a single line of evolution through the developments to which 
such techniques have given rise, so much does their inspiration vary. 

We draw attention to this diversity as a warning: any classi- 
fication is partially arbitrary, any comparison may be fallacious. 
For this reason it is pointless to judge one technique in terms of 
another, and call any of them good or bad. Only by considering 
them and applying them in a critical spirit can we assess what is 
valid in each proposal. This will give us a whole range of alter- 
natives between which we will choose according to the actual 
teaching requirements. 


Note. Probably the teacher-educator will find this procedure 
unusual in the sense that it seems very often to sidetrack the 
exposition, and to make for many preliminaries. The preliminaries 
simply consist of warnings and advice on what seems the most 
suitable form in which to describe the techniques to teachers. 
It is very difficult to give a coherent and ordered picture of what 
Programmed instruction is today. We cannot easily find our way 
through this maze of proliferating innovations, procedures and 
doctrines as long as we attempt to proceed inductively, from the 
myriad particular techniques to a clear over-all picture of program- 
med instruction in general. 

However, the picture does have a unity. It is possible to under- 
stand what lies behind the development of programmed instruction 
by emphasizing the teacher’s requirements. Judicious use of 
Programming techniques enables them to be spelt out more 
clearly, which in turn suggests further research in which other 
techniques will prove necessary. ы 

his is the main reason why we have decided to draw attention 
to these requirements on every possible occasion, especially when 
We come across imperfections in programming. In this way we 
invite the teacher-educator to offer his students, not that perfect 
mastery which an engineer achieves, but practice in a type of 
teaching which gives them a new conception of teaching and 
а new approach to it. 

We shall call the first type of technique ‘traditional’, the 
Second ‘new’, keeping in mind that this is only a convenient 
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distinction which is not meant to imply that one type is better 
or more promising than the other. 


SECTION I. THE ‘TRADITIONAL’ TECHNIQUES 


These are fairly numerous, particularly if we count the variants 
to which many of them have given rise. But all have in common 
some stages or phases in the elaboration of a sequence: this makes 
description much easier. Moreover we shall give a detailed des- 
cription only of those which are in most common use. The only 
novel feature about our description of them is our above-mentioned 
concern with teaching requirements, since this goes beyond what 
is strictly technical. 

Table 1 gives a list of the best-known ‘traditional’ techniques; 
we shall be concentrating particularly on numbers 2, 3 and 4. 

The reason we gave earlier for using the name ‘traditional’ was 
that these techniques are in the Skinnerian tradition: they are in 
this tradition in the sense that, whether in principle or de facto, 
they conform to the hypothesis of the ‘black box’. This means 
they analyse the processes of learning or teaching in the manner 
of behaviourist psychology, i.e. in terms of behaviour. 

Table 2 shows the main stages in constructing a sequence. 
A plus sign marks those which are common to all the techniques 
listed in Table 1. The lines joining columns indicate other relations 
linking certain of these techniques. Thus it can be seen that 
behavioural analysis (column 3) and semantic analysis (column 6) 
have great similarities from the point of view of writing the 
sequence, 


TABLE 1. List of techniques 


Name Inventor 
1. Ruleg Homme and Glaser 
2. DAVIES’ MATRIX Davies 
3. BEHAVIOURAL ANALYSIS Le Xuan 
(Mechner) 
4. MATHETICS Gilbert 
5. Graphs 


6. Semantic analysis 
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TABLE 2. Stages in constructing a sequence 


Techniques! 
Stage Name 


a Defining the objectives 

(content; population) + + + + + + 
b Tests 

(pre-tests; post-tests) + + + + + + 
c Arranging the subject-matter in E а 

logical order 
d Writing the sequence: 

Types of programme —. 


Aids and devices 


e Experimental testing; validation ds ++ ++ E + 


1. cf. Table r. 


This table shows clearly what constitutes the main family 
resemblance between the techniques: all begin by defining their 
objectives in an identical way, and then call for the preparation 
of tests. Although their ways subsequently divide, they come 
together once more at the experimentation and validation stage. 
In other words, we shall say that their aims, and the means of 
checking that those aims are achieved, are conceived in the same 
spirit and in roughly the same form. 

We shall now consider the first stage and discuss how one can 
get teachers to understand its nature and master its methods. 


DEFINING THE OBJECTIVES 


Let us not forget the point we have reached. We know what laws 
of learning we have to bring into play, and we know the way in 


which they apply in a sequence. We now want to programme 
one such sequence. What and who will it teach ? 


When we have answered these two questions, we shall have 
determined the two types of objectives which we shall then have 
to define. These are, first, the content or subject-matter to be 
taught and, secondly, the population—the pupils for whom such 
instruction is intended. 


80 


Techniques for elaborating programmed courses 


According to the experts, defining the two presents no problem: 
such definitions should simply be expressed in terms of behaviour. 
This means that they have to be framed in terms of ‘know-how’ 
and not of mere ‘knowledge’. Know-how is manifest in activity, 
the processes and results of which.can be observed. It can thus be 
used for reinforcement and can be subjected to testing. 

We can illustrate this by giving an example of what should not 
be done. In the ‘Syllabuses and Instructions’ issued for the State 
education system in France, some of the aims to be achieved in 
the penultimate primary grade are defined in the following way: 

In this class the teacher can start methodical grammar teaching. 

But: 

RSS 

2. He will avoid asking questions which are beyond the children’s com- 
prehension. 

3. He will have pupils memorize the conjugational paradigms and 
syntactic and other rules (with accompanying examples), thus fixing 
and imprinting the knowledge in their minds [2]. 

The teacher is advised to be ‘methodical’, and there is talk of 

‘knowledge’ which is to be ‘fixed’ and ‘imprinted’ in the mind. 

The text goes on to tell us what this knowledge is in the form of 

a list of headings: the verb—the concepts of mood, voice, etc... . 

Never at any stage is this expressed in terms of know-how. We 

are not told what it means to have the concept of mood. The text 

is equally obscure about how knowledge of it is to be conveyed. 

Where there is no known means of observing, still less of checking, 

whether the objectives have been attained, those objectives 

cannot be described in other than abstract terms. This makes it 
impossible to explain the way in which such knowledge will be 
acquired. 

All the usual abstract words (know, realize, understand, etc.) 
carry the mark of a type of psychology which behaviourism has 
condemned as being unscientific. What they refer to is too vague 
to be subjected to experiment or to the effects of operant reinforce- 
ment. In these circumstances, the nature of what one intends 
to teach is ill defined, and one’s aims are imprecise and intuitive. 

A correct definition, then, must enable the behaviour of the 
pupil to be subjected to the control of reinforcement. Defining 
the subject-matter seems to present no difficulties. It will be 
described in behavioural terms, i.e. as a set of clearly determined 
activities which the pupil will be able to perform at the end of 
his learning process. It can also be said that the aim here is some 
‘terminal’ or ‘final’ behaviour. But we must beware of misinter- 
preting the words: the point Z which one wishes the pupil to 
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attain is called terminal or final, as if it were the point of arrival as 
distinct from the trail which leads to it. This is not so: the final 
behaviour is also, in some sense, a summing-up of the whole 
learning process, which can indeed be reconstructed in reverse 
order from it, passing from one stage to the next. 


Fic. 15. Final or terminal behaviour 


It is as if we had begun by determining the results to be achieved, 
and had taken that as a point of departure for describing the path 
representing the learning process, a path which obviously the 
pupil takes in the opposite direction (see Fig. 15). 


Since we have seen what should be done and what should be 
avoided, it remains to be determined how this is achieved in the 
case of the subject-matter of instruction. But first we must consider 
what comprises a ‘behavioural’ definition of the population. 
This point must be emphasized, because misinterpretations are 
common, the adjective ‘behavioural’ being falsely applied to 
definitions which have nothing behavioural about them. In no 
case should we be satisfied with specifying the pupil population 
by its IQ, its membership of a class in school (the preparatory 
class, penultimate primary class, etc.) or by some level of attain- 
ment supposedly indicated beyond dispute by paper qualifications. 

Such specification is too general and does not give a clear 
picture of the pupil. His IQ is an indication of capabilities which 
are vague in their relationship to the behaviour patterns to be 
instilled. If the lesson is on how to reassemble a carburettor, the 
teacher might have two pupils of identical ТО . If one has already 
dismantled internal combustion engines, while the other has never 
seen any, the two cannot be considered in the same light: one of 
them potentially possesses types of know-how on which the teacher 
can rely, whereas the other must be made to acquire them. The 
learning process will not be the same. Had the teacher relied 
solely on information conveyed by the IQ, however, both would 
have received identical treatment. The same applies when reliance 
is placed on the fact that pupils belong to one class or another. 
People claim to know what pupils have learned by looking at 
their study syllabuses for the preceding years. If this particular 
pupil is in the last year of primary school, then in arithmetic he 
knows everything he has been taught up to the penultimate 
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primary class. Everyone will realize what a false impression of 
the pupil is given by such a method. As for paper qualifications, 
they give an even falser impression, if this is possible. At school 
they are awarded on a mark which is averaged over several 
subjects. It is by no means sure that any given pupil will have 
obtained a pass mark in the subject in which he is now to be 
taught something new. 

Since such indicators are so unreliable, it is impossible to tell 
on this basis whether reinforcement is being rightly and relevantly 
applied. This means teachers can have no confidence in being 
able to evaluate the learning process, since they do not know on 
what ‘reinforcing contingencies’ to operate. 

The ‘behavioural’ definition of the population should comprise 
such information as to enable reinforcing contingencies to be 
planned. Let us recall what this means by returning to Skinner’s 
pigeons. These were free to do as they wished. In their cage 
they could make any movements and take any action to which 
their environment prompted them. Of all the stimuli received 
which occasioned responses, there had to be reinforcement of 
the appropriate ones—those which involved the repetition of 
pecking on the selected circle. The environment can vary in 
complexity, and can entail very many factors. In a laboratory 
situation, these can partially be selected by the conditions of the 
experiment. The experimenter acts—through reinforcement—on 
those which are actually being taught. In principle the pigeon’s 
situation is similar to that of the pupil, the only difference being 
that the factors capable of bearing on the latter’s behaviour are 
much more numerous and it is impossible to use laboratory 
methods for reducing their number and selecting them. The greater 
the number of factors which can act on a subject, the greater is 
the element of chance entering into the effect that can be produced 
on particular factors by means of operant reinforcement. The 
random element increases proportionately. However, it is precisely 
in the kind of complex environment where such an element 
manifests itself that the pupil must be made to learn a particular 
behaviour. 

The components of the pupil’s environment and the situation 
to which he reacts are of such complexity that they defy any full, 
scientific analysis. The full range of such stimuli constitutes the 
reinforcing contingencies among which the learning process will 
operate in order to apply the laws of reinforcement [3]. If we follow 
Skinner in relying on these lessons to be learnt from experiments, 
we see that for any population we should first know the stimuli 
to which they react in a given environment. The environment 
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may comprise linguistic, technical, manual or other competences. 
We should know whether these can be catalogued, and whether 
the relative importance of such factors can be measured, so that 
one can be quite certain to which of them the laws of reinforcement 
lied. 

u^ j^ posible in a laboratory, where it is the learning process 
that is under study. It is no longer possible when we move on 
from learning to teaching. Skinner willingly admits this when he 
quotes William James in the following passage: 

More than sixty years ago, in his Talks to Teachers on Psychology, 
William James said: ‘You make a great, a very great mistake, if Jou 
think that psychology, being the science of the mind’s laws, is something 
from which you can deduce definite programs and schemes and methods of 
instruction for immediate schoolroom use. Psychology is a science, and 
teaching is an art; and sciences never generate arts directly out of themselves. 
An intermediary inventive mind must make the application, by using its 
originality’ [4]. 


A special branch of psychology, the so-called experimental analysis of 
behavior, has produced if not an art at least a technology of teaching from 
which one can indeed deduce [our emphasis] programs and schemes and 
methods of instruction [5]. 

While it may be difficult to compete with science, we should 
be able to go further than can art. This will be achieved partly 
by eliminating the empirical and intuitive element from the defi- 
nition of population. For this purpose we shall endeavour to collect 
together, select and then define the characteristics of the pupils on 
the level of behaviour, the ‘operational’ level. Here, ‘operational’ 
should be distinguished from ‘operative’, the former being used 
here in the same sense as behavioural. What is meant is an obser- 
vable activity or act which can be checked either directly or by its 
results. The terminology of programmed instruction is marked 
by behaviourism. ‘Operative’ is a word which sounds quite alien 
to behaviourist modes of thought. We are here dealing with what 
is ‘relative to operations’; we shall give the name operations to those 
internalized or internalizable actions which are reversible and co-ordinated 
as total structures [6]. 

This means that we shall draw up a list of pupils’ know-how, 
by means of the appropriate inquiries or questionnaires. What we 
are going to consider, therefore, is actual pupils, defined by what 
they know how to do. We shall therefore list all the stimuli to which 
they are capable of responding in an adequate manner. For 
example, if we put a question to them using a given word, does 
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their reply correspond to the meaning of the word? If a very long 
addition entails ‘carrying over’ numbers above 10 or 100, can 
they do it? 

But a pupil's items of know-how are innumerable. It is in- 
conceivable that they can be counted for even a single subject; 
it is quite pointless to try to do it for many. To circumscribe our 
inquiry, we shall use the point Z (Fig. 16 (a)), that of the terminal 
behaviour, in other words that of the subject it has been decided 
to teach. Depending on what has to be already known before this 
can be learnt, we shall thus attempt to define a certain ‘initial’ 
behaviour which is only part of the pupils’ potential know-how. 

Point A, which is represented here by everything inside the 
thick line, stands for the ‘initial’ behaviour. We see that it expresses 
only part of the ‘contingencies’ on which it would be possible 
to rely. In order to choose this part, reference has been made 
to point Z, the final behaviour. Thus what determines the point 
of departure is the target one wishes to reach. 

To summarize: in order to define that part of the objectives 
denoted by the word population, that is point A, the programmer 
has to select, from among those patterns of behaviour already 
acquired, the ones he can use as reliable reinforcing contin- 
gencies to attain point Z—that is to construct the final behaviour. 
The essential task, then, is to list all the contingencies, or items 
of know-how, on the basis of which it is possible to work out a plan 
for reinforcement which will lead pupils to the end of the learning 
process. 


Final behaviour 


(a) 


Initial behaviour Final behaviour (b) 


Fic. 16. 
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The elaboration of the sequence will, in fact, consist in working 
out this plan from point A to point Z, from the initial behaviour 
up to the final behaviour (Fig. 16 (b)). 


Procedures for the behavioural definition of objectives 


Now that so much emphasis has been placed on the reasons for 
such a definition, there is going to be some disappointment at the 
small number of procedures by which it can be arrived at. Properly 
speaking, there are no such procedures, only formulae and 
stratagems, the usefulness of which will depend on the ingenuity 
shown by whoever is applying them. This is true of both types of 
objective which we have distinguished. 


The subject-matter of instruction. Let us imagine that a group of 
teachers have chosen to give a programmed geography lesson with 
the title ‘Continental Waters and their Drainage’. The lesson is 
intended for children of the first year of secondary school. 

The job of the discussion leader will be to get the group to 
define precisely what it wants pupils to have learnt by the end of 
the lesson. Invariably, whenever practical work is first started, 
there are immediately innumerable difficulties, As the title implies, 
the subject can be envisaged in many different ways: descriptive, 
explanatory, hydrographic, ecological, etc. It can be considered 
in greater or lesser depth, depending on whether or not more than 
one approach is adopted. There are, in other words, many different 
levels of exposition, from a simple map to a thesis which expounds 
theories. One difficulty the group will quickly encounter is that 
it has no very clear idea what to include under the title above. 
But this is not the only difficulty. If one asks the members of the 
group what they want their Pupils to know after the lesson, they 
will say, for example: they must know what a river is, a river-basin, 
a hydrographic network, the régime of a river, etc. The trouble 
is that such formulations are not ‘operational’: they are not 
expressed in terms of know-how or behaviour. 

The ensuing debate is usually vigorous and ends with the 
subject-matter of instruction being called into question. As we 
know only too well, once the existing system is challenged on 
this point, the process does not usually stop there. This is of 
course a phenomenon of some interest, but it can easily get 
bogged down in discussion regarding the aims of education, 


1. This is the title of a sequence written at Brazzaville (ENSAC) in July 1969. We use it here 
simply as a theme in our exposition. 
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the educational system and similar generalities. The discus- 
sion should therefore be brought back to the point: the subject 
and subject-matter selected. 

But in this more limited field, a new debate arises: the very 
conception of the subject, its doctrine or its principles are challen- 
ged with many different arguments. The geographers’ group 
clashes as it divides up into disciples of rival schools; the gram- 
marians split into prescriptive and descriptive linguists, the mathe- 
maticians splinter into, on the one side, the advocates of ‘new’ 
mathematics, and on the other its opponents, etc. Thus the 
attempt to define objectives gives rise to a new Quarrel of the 
Ancients and Moderns. We have often observed that the most 
valuable feature of this debate is that it throws light on the gaps 
in teachers’ education of which they themselves are painfully 
aware. They want to be surrounded with textbooks, dictionaries, 
specialized books, etc. They seek a dialogue among themselves 
based on a better knowledge of the subject they teach. The 
instructor in programmed instruction will perhaps momentarily 
regret this diversion; but on second thoughts his reaction will be 
less critical. 

Very often another phenomenon crops up in attempting to 
define together the subject-matter of instruction. When speaking 
of a concept whose content they have been asked to indicate 
(the régime of a river, its drainage area, etc.), the teachers give 
a definition of it by reference to the way their pupils understand 
the concept. ‘Water? No, you'll never get a child of 12 to under- 
stand what you're driving at.' This reaction cannot be ignored, 
but in fact it is often the expression of an unwillingness to re-think 
the subject taught [7]. 

Reflection on content and on methods (the latter with reference 
to pupils) should be kept separate. One way of avoiding inter- 
ference between them which is found to work in practice is to 
prompt the group to define its subject without regard to the intended 
population. This method is obviously a gamble, but it enables 
attention to be focused exclusively on the subject selected and to 
leave aside the question of what pupils may understand of the 
‘régime of a river’. The intention is to get teachers away from 
teaching preoccupations and, by thus taking them outside their 
normal world, to bring them face to face with the subject they 
teach. The effort required to achieve this break with daily work 
habits may take up several group working sessions. This should not 
be deemed a waste of time, particularly if it enables everyone 
to agree on the use of words and attach the same meanings to 
the concepts they denote. 
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It might well be noted that this procedure does not provide 
criteria by which a behavioural definition of the selected subject 
can be established. And it is no use looking to the programmed 
instruction expert for criteria: they do not exist. We have referred 
above (p. 84) to what Skinner, quoting William James, said 
regarding science and art: the expert is in point of fact between 
the two, knowing on the basis of scientific data what he must 
stop doing, but also perplexed, as he moves on to apply such data, 
to know what he should do. The expected criteria have not been 
perfected, and we must draw instead on all the resources of art. 
'The main such resource is team-work such as we recommended 
above. 

If we are to describe the method more specifically, we can only 
offer recommendations, advice and examples, thus guarding 
against some of the obvious dangers. Experience will show more 
clearly how things should be done and what should be avoided. 
Meanwhile an effort must be made to define in terms of activities 
what pupils should know at the end of the programmed course: 
for example, being able to write a plural *s at the end of one word 
or another. For each such activity it must be possible to see whether 
the concept, task or movement in question corresponds exactly 
to what the pupil is to learn; this will be checked by means of 
tests, which we shall consider in a moment. 

Much similar advice could be given, but it would not make 
things much clearer. The important idea is that of testing, and 
this should be the main guide-line. If I decide that the régime 
of a river is to be defined in a way which I call 4, the pupil will 
have understood if he knows how to ‘manipulate’ definition a in 
the cases put before him, knows how to *formulate it exactly, and 
if necessary how to ‘re-explain’ it. It is then necessary to decide 
what we must test: ‘manipulate’, ‘formulate’ or ‘re-explain’, or 
some other activity? This must be decided with maximum 
precision, keeping in mind that it is the outward expression of 
such activity which must be observed and tested, 

For the purposes of our subject ‘Continental Waters and their 
Drainage’, shall we teach the pupils: verbal definitions (e.g. 
the definitions of river, drainage basin, régime, etc.), a description 
of the Congo or the Nile or some other river, or more general 
notions of ecology? And if these are necessary, how are we to 
convey the connexion between the régime ofa river and the climate 
of its catchment area? Or to memorize information such as: the 
source of the river, its length, its tributaries, etc.? To reproduce 
diagrams and situate them on a map, etc.? 

Whatever the activity, we must know how can it be set out so 
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that it can be tested. The only guide here is to think of the end 
sought and the fact that others should be able to check that it 
has been achieved. This seems little to ask, but it encompasses 
the whole problem. 


Population. Procedures for defining population have not been 
formulated with any better precision. If our group of geographers 
has decided to programme a sequence of lessons on continental 
waters, and is asked to specify the intended pupils, we will see 
how strong a tendency there is to describe them in the terms 
mentioned above: by class, IQ, paper qualifications, etc. But 
defining the population is objective No. 2, and we turn to it only 
after having considered the subject-matter in its own right. 
The situation, then, is as follows: the teachers have immersed 
themselves in textbooks, reviews, etc., to bring their definitions 
up to date, and provide themselves with a common language on 
the subject they want to programme. This was the inevitable 
mutual refresher course on their subject which had nothing to do 
with their potential pupils. When they defined what they wanted 
their pupils to learn of the subject, they made a choice: under 
the heading of continental waters, they listed a number of items 
of know-how which, for them, covered this concept. They then 
selected those items which, of the full set, should be acquired by 
the pupils through the programmed lesson. These items will 
comprise the concept of continental waters as far as the pupils are 
concerned. Figure 17 (a) is a caricature of the situation, without 
being all that much of an exaggeration. You do not teach all you 
know! 

After much discussion, invective and a little art, let us say that 
we have defined the subject-matter to be taught, our point Z 
which pupils must reach. We must still fix point A, the one at 
which we pick up pupils before launching them on the study 


M (For teachers) 


(a) 


Fic. 17. Continental waters. 


89 


Techniques for elaborating programmed courses 


of the sequence (Fig. 17 (b)). As we have said above, what we are 
endeavouring to determine is not the full extent of their know-how, 
for this would be too vast and complex a task for any science 
to undertake. So once again we go back to art, to find the ‘re- 
inforcing contingencies’ on which to operate. Let us be clear, even 
at the risk of being repetitive: in principle, any behaviour of which 
a subject is capable may constitute the full set of contingencies 
on which the reinforcements will act. But we still have to distinguish 
between them and make an inventory of them before we can act 
on them relevantly. With a human subject, this is impossible 
because of the variety of such contingencies. This is why, from the 
outset, we single out a certain number which are closest to the 
subject-matter. 

In principle, all we have to do is to identify some existing 
pattern of behaviour, and then, using the procedures of the 
learning process, we can graft on to it new patterns of behaviour. 
In fact, we shall take into consideration only a limited number of 
these patterns of behaviour, and the result of this selection is that 
we can no longer be sure that the pupils in question have acquired 
them (Fig. 18). This will have to be checked, and that is the aim 
of the pre-test to which we shall return below. This pre-test will 
enable us to determine the characteristics of the population. 


If we are writing a branching sequence, one further task must 
be carried out at the same time as the objectives are defined. 
We accept that mistakes will be made, and that if the learning 
Process is to be fully effective allowance must be made for such 
what these mistakes are 
nce advances. They have 
quence, since the sequence 
pportunity to make them 
functions necessarily form 


Prerequisite Skills and 
capability knowledge to be learned 


A z 


Behaviour repertory 


Fic. 18. 
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In order to list the usual mistakes, we shall find that a whole 
process of investigation is necessary before the programme is written. 
Stress must be laid on the fact that these investigations must be 
undertaken from the outset. This is seldom brought out, the 
techniques for constructing sequences being presented as if they 
were unaffected by the type of programme adopted. But if the 
branching sequence is to diagnose and treat mistakes properly, 
it must also provide the means of recognizing them. This being so, 
the preliminary investigations must not only identify the mistakes, 
but must also yield a description of them in such terms that they 
can be recognized. 

Everyone has his own idea of the mistakes which pupils commit, 
of how serious they are and what causes them. But there are no 
serious studies, and we have hardly any means of detection and 
analysis by which mistakes can be classified. For the most part, 
then, it still remains to devise tools for investigation in this field. 

However, in the absence of tried techniques, we can take the 
same approach as we did in relation to the subject-matter of 
instruction. There we advocated an effort to impose some form 
which would render observation and checking possible. Admittedly 
this is a very vague recommendation, and it is hard to imagine 
how it can be applied. But the effort required is not fruitless if 
we observe to what extent the repetition of the same mistakes 
by pupils brings about a type of fatalism in teachers, which 
makes them content with perfunctory, often facile explanations. 
It is surely worth grasping the chance of finding some means of 
getting away from this system of explanation, which favours a 
perennial crop of the same mistakes. 

When we attempt this, we will certainly come to speak in 
clearer terms about the mistakes which arise in connexion with 
‘continental waters’, for example; and we shall try to think of a 
way of teaching the subject which will bring out such mistakes. 
Teaching a pupil not to make a mistake gives a teacher pleasure 
and so does correcting a mistake; it will surely give more pleasure 
if he sees the mistake crop up just when he planned it should, and 
can deal with it almost as an expected friend. 


Remarks. If the reader reviews the techniques recommended 
during this first stage of the definition of objectives, he will probably 
feel some disillusionment: what a gap separates the strict require- 
ments of theory from the gropings of practice! 

The empirical nature of the processes is incontestable. We have 
warned the teacher-educator and user that we would not hesitate 
to show this empiricism at work in practice. And at this stage 
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we are only at the beginning: the empirical element will become 
vastly more important later. This is enough to prompt serious 
criticisms. What criteria have we been given which enable 
us to assert that one definition rather than another is beha- 
vioural ? 4 ^ 

'Those already familiar with programmed instruction will cer- 
tainly feel some consternation at finding such doubts expressed 
just as they felt a scientific definition of their objectives could be 
given in terms of behavioural analysis. If they have written 
programmes, they may well think that by thus questioning the 
techniques of writing such programmes we are also questioning 
their work. This would be to mistake the nature of empiricism, 
which, even if it affords no certain rules or norms for constructing 
a sequence, leaves considerable scope to art. Whatever imper- 
fections there may be in the method, art will find means of remedy- 
ing them. 

Group reflection, a *think-in' among a small number of people, 
on a subject chosen by all of them, seems the best way of achieving 
this new approach required by the technology of programming. 
Team work and group work are not magic formulae. Nevertheless, 
the instructor can use them to provoke questions, to reply to these 
when he can, and to subject himself to the test of experiments 
commented on by all present. He should not neglect to use these 
favourable opportunities, however, because they are likely to be 
almost the last to come his way. 

During the analysis of objectives, the teachers give the curricula 
in language, mathematics, and so on, a thorough questioning. 
Over against the attempt to define the objectives of a specific 
teaching assignment, relating to a particular subject, they evoke 
the ‘aims of education’, by which they mean the type of education 
that an educational system must offer a child as preparation for 
life in society. This is a legitimate concern, because it is inevitable 
that people will relate a specific objective to a general aim. 
Nevertheless, the discussion of final aims has nothing to do with 
the techniques of programmed instruction. By the time these 
techniques are applied, it is assumed that such questions have been 
settled and the necessary policy decisions made. 

In fact everything happens quite differently. New aims are 
rarely defined other than by reference to the new techniques 
(be it programmed instruction or the use of audio-visual aids) 
by which they could be realized. It is these technical innovations 
which give us the opportunity to reconsider the aims of education, 
which everyone agrees needs renewing. In other words, the techno- 

logy of programmed instruction, which in theory assumes that the 
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problem of the aims of education is already solved, in practice 
raises this problem, and poses it more acutely. 

For we wish to consider the pupils as they are, and to go on 
from there to teach them something. Questions of how and why 
have no bearing on programmed instruction as such, yet they will 
be posed by teachers as soon as they are introduced to such 
instruction. We feel it pointless to minimize such difficulties, 
since the presentation of a new technique of instruction inevitably 
gives rise to further reflection on the aims of education. We cannot 
call this a waste of time, especially if the purpose is to end up with 
a properly tested sequence. While obviously questions of aims 
must be allowed to come up, discussion of them should not be 
allowed to go on for ever. 

Similarly, when it has been decided to construct a branching 
sequence, the temptation is often to do so using a linear sequence 
as a basis and a guide-line. And then the task of drawing up 
an inventory of the real mistakes to be corrected gets neglected 
and forgotten. This method is dangerous, because it may lead the 
programmer to conceive all the possible paths in terms of the 
linear model and he may end up by writing in mistakes which 
are never made. It will easily be appreciated how disastrous 
it would be to force pupils to commit such mistakes simply 
because they have been led astray and lost their bearings. 


PRE- AND POST-TESTS 


These are both instruments for testing; but they differ in the testing 
functions they fulfil in relation to the pupils and the sequence. 
The final or post-test is intended to check that the pupil has in fact 
attained the objectives of the sequence after having studied it. 
If the results are not satisfactory, this may mean that the pupil 
has studied it badly, but it may also mean that the sequence is not 
a good one, or is not suited to him. The initial or pre-test is 
basically intended to check that the pupil possesses the knowledge 
required to study the sequence. 

Usually tests take the form of questionnaires for pupils to answer. 
But they may also consist of non-verbal exercises: movements, 
manual tasks, simulated patterns of behaviour, etc. Let us consider 
them more closely. 


The post-test 


Here is an example. It takes the form of a page printed on both 
sides. 
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ENSAC Brazzaville 


Pupil’s name: 
Class: 


SUBJECT 


QUESTIONS 


Think of football: 

‘Passing is easy; it is scoring that is difficult.’ 
Underline in these sentences the words which express what 
‘is easy’ and what ‘is difficult’. 


‘The spectators cheer the best players.’ 

Say the same thing by writing first: ‘The best 
players...’ 

Write your reply here: 

‘The best players 


‘Seated in a corner, Peter was doing his 
homework.’ 

In this sentence, one word denotes who is doing 
something: which word? 

Write the word: 


‘My brother was hurt by this boy.’ 

Write a different sentence which says the same 
thing but starts with: ‘This boys. 

Answer: ‘This boy : * . 


*My friend is called Paul.* 

Can you write this sentence with the same words 
but starting with the word ‘Paul’? 

YES NO 


Underline your answer. 


Sequence 1 
Grammar 


Write nothing 
in this column 


Description and concept of the post-test. The example given above is 
very simple. The test consists of a series of 


pupils at the end of the pro; 
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questions put to the 
grammed lesson. The responses 
required may take several forms: that of making a simple choice, 
of underlining, of writing in a word, making up a sentence, 


and 


Available behaviour 
{after learning) 
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so on. In other words, the nature of the questions is not limited 
by the form of the responses required. Nor are there any norms for 
determining exactly what the content, formulation or number of 
the questions should be. This is particularly awkward when we are 
dealing with some traditional item of school instruction for which 
the acquisition of knowledge is tested basically by verbal means; 
patterns of verbal behaviour are difficult to manipulate, to provoke, 
and a fortiori to test. There is less difficulty, in principle, when the 
responses required are non-verbal patterns of behaviour, for 
example, working a machine, taking a piece of machinery to 
pieces, classifying such and such a group of objects, etc. But we 
still have no norms to establish what patterns of behaviour should 
be required if the effectiveness of the learning process is to be 
checked. Nor, obviously, do we know what procedures could be 
used automatically to define such norms. 

The problem which the post-test must solve is as simple to 
formulate as the function it fulfils: it will check that the final 
behaviour Z has actually been acquired (Fig. 19). Whether this 
function is in fact fulfilled now comes down to a question of pure 
technique. Unfortunately, such techniques are in their infancy. 
At best they consist of advice or recommendations; at worst they 
consist of mere indications of what should not be done. In the 
absence of any norms, we will have to get along on this basis as 
best we can, and appeal to the inventive genius of the individual 
teacher. This is not to say that the experts’ armoury contains no 
serious means of testing. But those which we have, were developed 
Vii caet Workers for the purposes of highly specific studies 

cannot be generalized, because they are adapted 


loto: e Н А 
o ле he very limited fields of learning for which they were 


Under these circumstances, 
First, the means of testing sho 
terms. From our above examina 
we know that the criteria are 


we shall proceed empirically. 
uld be conceived in operational 
tion of the definition of objectives, 
very inadequate. This makes the 
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task here more complicated: testing is in the final resort no more 
than a well-conducted sample survey. However well we M 
conduct it, it still remains a sample survey, and, as ae ۴ 
pre-election opinion polls, certain qualities are A in | b 
it: the questions must be brief, the sample representative, the 
lyse. 

yg etes pe be brief, since the test cannot ask for all 
that has been learnt to be reproduced. But even if the test uses 
sampling techniques, it must, like an oil a s зар 
provide information оп the resources ofa w. ole area. is rings 
out the difficulty of sampling techniques applied to education: 
where and how does one find the right ‘core samples’, bearing in 
mind that the area to be surveyed comprises all the final patterns 
of behaviour which the programmed sequence has inculcated ? 
The problem is to obtain representative sample patterns by means 
of which one can check that all such patterns have been acquired. 
Such samples also have to inform us—and this is the second 
important function of the post-test—about the causes of any 
failures that occur, so that we can work out corrections. 

The requirement that the sample should be representative means 
in this context that the question put, the sample tested, should 
suffice to give a full picture of what has actually been acquired. 

The third requirement—that the results should be easy to analyse 
—is also quite natural. If a question gives rise to completely 
unexpected responses, there will be no way of telling how to 
correct the errors which cause those responses. 

Admittedly this is, in fact, simply a question of common sense; 
but it is less common to find its being considered in a methodical 
way. 

Thus we insist that the post-test should be prepared as soon as 
the objectives have been defined. The need for this is often not 
appreciated and even disregarded. Preparing the testing device 
before one has anything to test, looks like putting the cart before 
the horse. Yet the reason for this is perhaps not so much a matter of 
any technical requirement as of the desire to insure against 
certain risks. 

In the first place, there is the risk of overlooking testing alto- 
gether. How many programmed courses are written today 
without the inclusion of any tests, either pre-tests or post-tests, so 
that there is no way of knowing what to use them for! It is indeed 
very tempting to imagine that the sequence is self-sufficient, and 
that the care with which it has been drawn up will overcome 
any obstacle which crops up in the course of study. So that is 
one good reason for writing the test before the sequence. Another 
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is that any moderately experienced teacher knows the danger of 
testing his own pupils and then being drawn into congratulating 
them just because they have imitated him well. The personality 
and authority of the teacher interfere with the subject-matter 
taught and, in many cases, pupils will react to any questions 
put them in terms of that personality and that authority. Anyone 
who has done exercises or essays, or studied for examinations, 
knows that he is influenced by such considerations and that his 
replies and his treatment of a subject are dictated by his wish 
to adjust to the marker. 

If programmed instruction is to be put to good use, an effort 
must be made to break this habit, as it inserts a ‘third person’ 
between the subject-matter taught and the pupils whose learning 
is being tested. It is common practice to ape the teacher’s eccentri- 
cities, offering him as far as possible the work he is expecting, 
with all the tricks this process involves. This practice enables 
a sort of pact to be made with the teacher, assuring him of his 
position as a mediator between knowledge and his pupils. 

This is no exaggeration. Anyone preparing a lesson and then 
giving it in class finds it difficult to imagine questions which, 
for the purpose of testing the results he has achieved, invite an 
external and perhaps critical point of view. Yet it is this difficult 
exercise we would see undertaken, since the lesson and the testing 
will be done in the programmer’s absence. The main danger is 
that of putting questions which solicit, as responses, a repetition 
of the contents of the sequence. This checks that the sequence 
has been recorded to memory, but not whether its contents are 
truly assimilated. This is why care must be taken that the final 
test should not be simply a repetition of exercises already set. 

But there is then the danger of going to the other extreme 
and setting difficult problems or putting catch questions. The 
final test is not a composition exercise which can be used to award 
a mark and rank the pupils: it does not play the part of a selective 
examination. A middle way must be found between these two 
extremes by hitting on exercises which provoke the type of response 
that tests the pupil’s understanding. 


Other functions and applications. The purpose of the test results is not 
solely to inform the teacher. They also tell him what mistakes have 
been made, and with this precise information the teacher can 
then put everyone back on the right path in full knowledge of 
the relevant circumstances. This is another function of the test 
which is often ignored. Yet it is a great advantage, since it gives 
the teacher insight and enables him to make sure, before going on 
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Post-test 1 


Entry test I1 Sequence 1 I— = | $едиепсе 2 اوسا‎ LN 


Entry test 
for sequence 2 


Knowledge required 
for sequence 1 


Fic. 20. 


to the next lesson, that all the pupils have assimilated the previous 
on The test can have another use for the programmer: sometimes 
it can be used to discover whether an item it was planned to 
reserve for the next sequence has already been learnt. The replies 
obtained from such test questions can guide programmers in 
defining the objectives of the following sequence. 

Finally, if it is planned to give a whole series of sequences, 
undoubtedly the post-test on the first sequence can be used to 
tell whether the pupil is at the required level to go on to the 
second. Thus the order of operations can be represented as 
in Figure 20. 


The initial or pre-test 


It would seem illogical to upset the sequence of operations by 
devising the pre-test after the post-test. But the stages in which 
a programmed course is worked out do not obey the same rules 
as the preparation of a lesson in the normal sense, mainly because 
we are concerned to break with those rules and the habits which 


underlie them. In any case, preparing the pre-test represents 
the third phase of group work. 


Description and conception. The pre-test can have the same form, in 
many ways, as the final or post-test. The problem is to check 
that certain patterns of behaviour, verbal or non-verbal, have 
been mastered. We should recall that the purpose of this test is in 
the first place to check that the population for which it is intended 
has all the knowledge required to study the sequences. This 
function accounts for the different conception of the test: are the 
pupils at point A which is the starting point, or not as far advanced, 
or beyond it? The test is designed in terms of a hypothesis (or 
hypotheses), namely that the pupils possess the minimum required 
of them to embark on the sequence. This hypothesis will be borne 
out or not, according to the amount of knowledge (too much or 
too little) which the pupils possess. The results in any case will 


98 


Techniques for elaborating programmed courses 


м و‎ 


=j 2 


> 


Possible starting points 


Al (1st case: programmer's hypothesis) 
A2 (2nd case) 


Fic. 21. A3 (3rd case) 


show where to place point A, which may not be where it was 
expected to be. 

As Figure 21 shows, there are few possible alternatives. 

The programmer thinks that the pupils for whom he is designing 
his course have knowledge Ar. But it may be that they have less 
(case A2) or more (case A3). Whatever the programmer's starting 
hypothesis (Ar), the pre-test which checks it must allow for the 
various possible alternatives, namely A2 (the required knowledge 
is inadequate) and Ag (not only is it adequate, but it may well 
encroach on the subject-matter of the lesson which is to be given). 
The problem, then, is not solely that of confirming or invalidating 
the programmer’s hypothesis: in the latter case, we should be left 
with two possible alternatives, A2 and A3, but we should have no 
means of telling which corresponds to the case. 

In contrast to the post-test, the pre-test is selective, since its 
results must enable the programmer to decide between the 
three hypotheses. The teacher who thinks of his own class is 
certain to foresee complications: his pupils are scattered over Ат, 
A2, and A3; they are certainly not at the same level. This gives 
him the prospect of having to prepare three different series of 
lessons, depending on whether the starting line is Ar, A2 or A3— 
not counting the possibilities of intermediate lines or the handicaps 
to be carried by all these ‘horses’ which have to cross the finishing 
line at the same time. 


Remark. 'This way of presenting the pre-test is discouraging in the 
sense that it seems to ask the teacher to work out almost as many 
sequences as there are pupils; some to lead the backward pupils up 
to the starting line, a few more to keep the front runners occupied 
and patient, and a final one for those who manage to come up 
to the post dead on time. 
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This standpoint is right in the case of a single class. Under- 
standably, the total work it involves will be disconcerting. But this 
is not in fact the right standpoint when we are considering the 
tasks of programming. When we embark on the preparation of 
programmed courses, we must not think in terms of a single class, 
but on a much larger scale, large enough that is to accommodate 
all pupils: those who conform to hypothesis Ar and also those 
who do not. Programming has no sense unless we plan for a large 
number of pupils. 


The results of the pre-test are used, basically, to determine the 
initial behaviour. If we have decided that this should be Ar, and 
the pupils do not have all the necessary knowledge, we can provide 
a supplement to the sequence which will fill in any gaps. This may 
take any desired form: a lesson of the normal type, a pre-sequence 
or anything else. 

The pre-test is constructed just like the post-test. And this 
means the same precautions must be taken, because in this case 
too there are no codified and proved procedures. For greater 
certainty, sometimes a few exercises from the final test are intro- 


duced to check whether the pupils may not already have some 
idea of what they are to be taught. 


Conclusions on tests 


Although we can define the function of tests with some precision, 
we are nevertheless constrained by the empirical nature of the 
procedures for constructing them. For this reason we endeavour 
to limit the effects of such imperfections by taking many precau- 
tions: making up the tests before the sequence, trying to plan in 
behavioural terms, etc. But the best way of reducing the potential 
harm of the empirical approach is certainly group work or team- 
work. The first attempts to work out something together will 
surely give rise to much discussion. These discussions are the 
instructor's opportunity to impress on students not only the 
genuine difficulties, but also the objectivity they 


lif must aim at 
when devising tests. 


ORGANIZING THE SUBJECT-MATTER 


This third stage in programming is one of the most important. 
It entails several quite widely differing types of technique, some 
of which will involve us in more detail than others in analysing 
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the subject-matter and developing the sequence. But let us first 
define what we mean by organizing the subject-matter. 

This comprises analysis of the subject-matter, more specifically 
spelling it out in terms of behaviour. It also comprises setting out 
and ordering the elements into which one has broken down the 
subject-matter; the order thus obtained forms the progression of 
learning. We shall now consider some of the best-known such 
techniques, concentrating on the most satisfactory way of present- 
ing them to teachers. 


The Davies matrix method 


This is the further development of another technique invented 
by Homme and Glaser and known by the label кокс. This word 
is made up of the abbreviation ru(t) for ‘rule’ and Ес in the sense 
of ‘for example’. Briefly, the object of this technique is to provide 
an analysis of the contents of the sequence, an analysis, that is, 
of what separates initial and terminal behaviour. In behavioural 
terms, this must be spelt out in the form of rules (symbolized 
by the letters ‘ru’) and examples (symbolized by the letters *eg?). 

A rule is an idea, a general concept, an abstraction, a 
principle, etc., which, in operational terms, consists of precisely 
circumscribed patterns of behaviour. 

An example is the illustration of a rule, a particular case of it, 
one of its applications, and so on. 

We shall be content with this short statement, since the original 
idea of the inventors of RULEG is taken up within the framework 
of the Davies technique, which we shall discuss at greater length. 
This technique has the advantage of being based on a theory, or 
at least on certain principles relating to the acquisition of concepts. 


Principles governing the acquisition of concepts. A concept is an activity 
of varying complexity, the manifestations of which can be observed. 
Concept-forming requires the exercise of activity directed towards 
two complementary tasks: generalization and discrimination. 
Here is a provisional definition of generalization: 

Concept-forming requires generalization within classes. Intra-class 
generalization is easily achieved through a series consisting of an infinite 
number of incomplete examples [8]. In other words, generalization 
means the tendency to produce one response to a given set of 
stimuli. 

Inter-class discrimination is achieved by including negative examples 


(eg), that is, examples which are not applications of the rule under 
consideration [9]. 
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Discrimination expresses the tendency to give different responses to different 
stimuli [10]. . 

Thus the first task is to enumerate the concepts which are to be 
acquired by means of generalization and discrimination. 


The unordered listing of concepts. The group will be asked to define 
these concepts, regardless of the order in which they lead on to 
each other. For the moment the task is only to draw up a com- 
prehensive list. Therefore this task is separate from that of establish- 
ing an order within the set of items discovered. Even if this 
distinction is not made quite so explicitly in Davies’ original 
account, it has several interesting advantages for the instructor. 
We have seen how the very way in which a subject is taught can 
influence a teacher when he discusses that subject with his collea- 
gues. Thus his grasp of the concepts is often falsified by the order 
in which they are taught. By leaving order aside provisionally, 
we make discussion of the subject itself easier, even if the merging 
of ideas and clash of opinions may give an outward impression of 
incoherence. 

It is probably at this point that the major difficulties will arise. 
The mental discipline required for the explicit redefinition of the 
subject-matter may well call for unwonted skill, which largely 
explains why this stage of programming is the one at which the 
content of what is to be taught is challenged. It is no longer 
possible to say ‘a proposition consists of subject, verb, object. .. . 
First we shall talk about the subject, then about the verb, etc.’ 
Our remarks here are similar to those of P. Greco when he brings 
out the diversity of interpretations to which some expressions 
concerning the definition of objectives lead [11]. 

. . Expressions of the type ‘to have the concept of area’, ‘to understand 
group structure’, etc., may, outside the experimental context in which the 
psychologist has assigned them precise operational definitions, be interpreted 
in a multitude of different ways. The eighteen-month-old baby who reaches 
some object a little way away from him by using a new combination of 
various movements, and then returns to his point of departure by a different 
route, ‘possesses? in some sense a ‘group of movements’. No doubt he has 
no representation of it in image form, still less in algebraic form, but it is not 
going too far to say that he ‘understands’ this group, since he invents 
appropriate and non-habitual routes to solve new problems; a ‘practical’ 
understanding, admittedly, but an understanding and not a mere acquired 

habit or locomotive pattern passively undergone [12]. 

‘Subject’ is only a word; the group will have to determine 
what it means precisely and what it will have to mean to the pupil. 
Here only the habit of group work can show the magnitude of the 
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problems which every discipline raises, and such problems vary 
from one discipline to another. But it is common knowledge that 
such problems are specific to each discipline, and that no expert 
can take an over-all view. The programmed learning specialist is 
incapable of solving them; he is only manipulating techniques, 
which can themselves do only what they are made to do. He can 
never take the place of the expert in a subject and decide for him 
the questions which the expert encounters. 

The problem is to draw up an unordered list of the ru’s covering 
the whole area of the subject chosen. Here is an example, which is 
in no way meant as a model, relating to a sequence intended 
to teach certain definitions as an introduction to the concept of 
‘set? in mathematics. 


1. Mention of the idea of set when presenting collections of objects. 
Association of the idea of set with collections of identifiable 
objects. 

2. A collection of specific objects constitutes a set. 

3. The symbols for set and item. They are conventional. 

4. An object and a particular part of that object are considered as two 
distinct objects. 

5. For any set under consideration, it can be determined whether 
a given object is a member of the set. 

6. A diagrammatic presentation of sets and items. 

7. Notations; reading the formula defining a set by its extension. 

8. Distinction between the singleton set and its member. 

9. For any object under consideration, it can be determined whether 
or not it is a member of a given set. 

10. Definition of the relation of membership. 

11. Definition of the relation of non-membership: the symbol, 
reading the formula. 

12. Asetcan be defined by the full enumeration of its members: this 
is called an ‘extensional’ definition. 

13. А one-member set is called a singleton. 


Each of the rules listed has been given a number, but it does not 
indicate an order; for the moment it is simply a means of identifi- 
cation. It is not until the subject is being discussed by the group 
that it will decide whether a given concept is part of the subject, 
whether it is a rule, whether it repeats another rule, whether it 
does not rather constitute an example or a specific case and so on. 
As the discussion progresses, note will thus be taken of what is 
entitled to be called a rule, regardless of the relations between 
rules. In practice, it can be observed that each participant has his 
own idea of the rules and their sequence. Our reason for refusing 
to establish a sequential order at this stage is in fact that we do not 
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wish to settle at the outset, without criteria, in favour of one 
participant’s opinion rather than another’s. The ‘disorder’ of 
the list in a sense reflects the many different orderings which may 
have clashed with each other during the discussion. 

We need hardly point out how important a place, once again, 
this procedure gives to intuition and empiricism. 

Many will ask on what criteria we base the assertion that some- 
thing is a ru and not an eg or on what grounds we contend that 
such a notion does not go outside the subject, or is necessary to the 
study of that subject, etc. In all this, programmed instruction can 
rightly be accused of empiricism. Although the criticism is justified, 
the conclusions drawn from it are sometimes less justified. Admit- 
tedly we have no real criteria for deriving, distinguishing and 
formulating rules; however, it is also true that the difficulties and 
disagreements encountered in spelling out the subject-matter 
affect only the experts in the subject which is being treated. In 
other words, we acknowledge the empiricism of the procedures, 
but this should not thereafter become an excuse for laying at the 
door of empiricism any trouble which arises with the subject- 
matter! It is only fair to admit also that the use of this type of 
technique may serve to reveal the existence of such trouble. If so, 
it is not necessarily a subject of complaint if unsuspected difficulties 
are discovered. Here is one testimony: 

«+. itis held that the self-deluding confidence of many university professors 
—their belief that academic skills or critical thinking can be conveyed by 
intuitive methods—has been shaken by the successful application of some 
of the latest techniques, particularly in the field of educational television 
and programmed instruction [13]. 

But the teacher-educator would be wrong to expect the practice 
of such techniques automatically to produce these fringe benefits. 
He will have to pursue them himself, through his own experience 
with the conviction that, for the time being at least, these ‘fringe’ 
benefits are in fact the most important. 


Setting up and using the Davies matrix. We now have the task of 
establishing the order in which the rules will be presented in the 
sequence. Only later shall we be concerned with the eg’s—the 
examples. 

Here briefly is how the desired order is arrived at. 

First a grid, or matrix, is drawn up with equal numbers of rows 
and columns, the number of either being equal to the number of 
rules in the unordered list. 

The numbers identifying the rules are entered diagonally, as 
in Figure 22 (a). The grid will be used to draw a synoptic table of 
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the relations between the rules; association and discrimination are 
the criteria by which these are defined. The operation is done in 
two phases and, in this case, in slightly more than three movements. 

Let us consider the row containing ru 1. Let us ask ourselves 
whether, between this rule and the others, there are any links as 
defined by the criteria above. For example: Between ru 1 and ru 2? 
Yes: association, and induction, so we blacken the square in row 1 
where it intersects with column 2 (Fig. 22 (b)). Between ru 1 and 
ru 3? No connexion: we leave row 1 column 3 blank. Between 
ru I and ru 4? None there either: we leave row 1 column 4 blank. 
And so on with all binary elements beginning with 1: 1-5, 
1-6, right down to 1-13. When there is a relation of association, 
this is noted by filling in a black square at the intersection of the 
row and the column. If the relation is one of discrimination, it is 
represented at the intersection by a diagonally shaded square. 
Naturally this mode of representation is purely conventional, 

When we have considered all the Squares in row 1, we move on 
to row 2. We then consider the following relationships: 2-3, 2-4, 
2-5... 2-13. Then we look at row 3: intersections 3-4, 3-5... etc. 
And so on until the last line which needs to be looked at: the 
twelfth. The result may, for example, be as shown in Figure 22 (c). 
All the squares to the right of the diagonal have been examined 
for association and/or discrimination. Whether the squares are 
blacked in, left blank or cross-shaded, the task is tiring and demands 
concentration. The choice of any of the three presupposes some 
hard thinking, and the number of squares for which this effort has 
to be repeated makes it difficult to keep up. Yet the effort must be 
made. 

Over the whole range of relationships represented in this way, 
there are many different kinds, and there may well have been 
some hesitation before we blacked in a square or left it blank. 
Let us now, therefore, write out in the case of each the reasons 
for the choice made, even if these only take the form of jottings 
(for example, 1-2, reason: . . . 5 1-3, reason: . . . , etc.). These 
notes will come in useful during the second phase of application 
of the matrix. 

But how do we fill in the first square? Several questions could 
be asked: is there between ru 1 and ru 2 a relationship of discrimi- 
nation or association? None of discrimination; one of association, 
then ?—Yes, more likely. Is it induction?—Yes, perhaps, but do 
you mean that the idea of set is introduced by the idea of collection ? 
The reply may be yes or no, depending on how you think we 
approach the concept of set. If yes, the Square in question is 
blacked in, and then the others. 
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The second phase of the operation is intended to check the 
results of the first, and the whole of the part below the diagonal 
is used for this purpose. The previous process is repeated in reverse 
order, but according to the same plan. First we consider the 
row in which 13 is entered and for each square we shall ask the 
question which we put to ourselves on the first occasion, but the 
other way round: 13-12, 13-11, 13-10, . . . 13-1. Then we move 
on to the next line above: 12-11, 12-10, 12-9 . . ., and so on until 
the last: 2-1. Once again we recommend that the reasons for the 
choice made should be indicated in each case, on a page where all 
the binary elements are arranged in columns. Once again, the 
system of black for association, shading for discrimination and 
blank for unrelatedness should be applied. 

When all this has been carefully considered and carried out, 
the two sides of the diagonal should obviously be symmetrical 
(Fig. 22 (d)); all that has happened is that we have repeated below 
the diagonal what we did above it. If it really is repeated, this will 
be seen from the symmetry. 

But we may get an asymmetrical arrangement. Then we have to 
reconsider the nature of the disputed links, and decide on which 
side or sides the grid is to be corrected—'grid' because, strictly 
speaking, it is not a true matrix, the latter term being used only 
by analogy. It is at this point that a summary of the decisions 
made for each of the squares can prove useful, forestalling any 
later re-opening of the discussion. 

After the ordeal of working out the grid, it would be most 
inappropriate to risk the group's returning to square one. It is 
therefore better to be methodical from the outset, even if unsuspect- 
ed short cuts can later be made. During the first attempt, this is 
an indispensable precaution if discouragement is to be avoided. 

We now have a highly condensed picture of the foregoing 
operations, since the grid shows simultaneously the rules identified 
by number, the relationships between them, and the nature of 
those relationships. In addition, there are the summary notes 
relating to each. We have collected all the materials and are 
ready to establish the order in which we shall present them. So 
we now want to know how to handle them to deduce the desired 
order. Before examining the procedures, let us look at the prin- 
ciples. 

All the connexions between the key concepts—for that is what 
the rules are—have been identified and distinguished according 
to whether they are associative or discriminatory. We should not 
forget that concepts are learnt by means of these two types of 
operations. This being so, arranging the rules will have the effect 
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of organizing the relationships, and more especially of linking 
together the operations of learning. Thus to order the rules 
is also to define an order of learning. We shall return to this 
idea. 

All relationships are indicated on the grid, but the scattered 
distribution of the black or shaded squares shows that in many 
instances the rules are not linked together. Were we to rearrange 
the rules on the diagonal, however, the squares too would be 
rearranged. The rules will be linked together, one after another, 
when the two sets of squares on either side of the diagonal have 
been filled in black. 

If, for example, we put 4 in the place of 3, the squares indicated 
by the arrows in Figure 22 (d) will be transferred to next to 2 (to the 
squares marked with crosses). We can put the 3 after the 4, then 
the 10, etc. Figure 22 (e) provides one instance of a rearrangement 
of the rules which brings the black squares into a more dense 
grouping around the diagonal. Undoubtedly, other orderings 
could be found satisfying this requirement, and the one we suggest 
in this figure is not necessarily better than any others, it is only 
there as an example. But let us imagine that no better ordering 
is found, and that after several tries this is the arrangement 
which turns out to be the most satisfactory. We shall now rewrite 
the list of rules in the order in which numbers identifying them 
occur on the diagonal. Next we shall give each of them a new 
number, but this time it will be a serial number. The ordering we 
arrive at in this way is the order of learning. (See table opposite.) 

The logical order and the order of learning! are identified. This 
means that we propose to teach the concepts in exactly the order 
of their interconnexion on the level of contents. Whenever the 
point is put in this way, there is a general outcry; in the resulting 
confusion, the teachers condemn this attitude, which they say 
ignores pupils’ ‘psychology’ and the need to adjust to it. For them 
it is just as if we wished to teach pupils mathematical concepts 
without taking the pupils themselves into account in the least. 
The concepts have a logical order in terms of the logic of mathe- 
matics itself—this they admit—but it is far from certain that 
pupils should be taught the concepts in the sequence in which 
they occur in that logic. 

Put in these or similar terms, the comment is a general one 
and shows profound concern which is usually expressed as a fear 
of the consequences: the confusion, it is claimed, itself opens the 


1. By the latter expression we mean the order in which the concepts are expounded or taught 
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Ordered list of rules 


Number вш 


identifying Formulation 


the rule number 

I I Mention of the idea of set when presenting 
collections of objects. Association of the idea of set 
with collection of identifiable objects. 

2 2 A collection of specific objects constitutes a set. 

4 3 An object and a particular part of that object are 
considered as two distinct objects. 

10 4 Definition of the relation of membership. 

3 5 The symbols for set and item. 

They are conventional. 

5 6 For any set under consideration, it can be determined 
whether a given object is a member of the set. 

9 7 For any object under consideration it can be 
determined whether or not it is a member of a given 
set. 

6 8 A diagrammatic presentation of sets and items. 

12 9 A set can be defined by the full enumeration of 

4 its members: this is called an ‘extensional’ definition. 

7 10 Notations; reading the formula defining a set by its 
extension. 

II II Definition of the relation of non-membership: 
the symbol, reading the formula. 

13 12 A one-member set is called a singleton. 

13 Distinction between the singleton set and its 
member. 


door to surreptitious ‘conditioning’. And this argument is presented 
as a decisive criticism of the whole Skinnerian approach. But this 
criticism is baseless. For if there is such a thing as a concept, 
laboratory studies would tend to indicate that its mode of existence, 
its reality, must be grasped in the very terms used in acquiring 
or learning it. To put it more strongly, having a concept is no more 
and no less than the set of items of know-how which one has 
learnt. The same is true of the notions which are part of the exten- 
sions of this concept, and which are arranged according to a 
certain logic. The more enlightened the learning process, the more 
clearly this logic is reflected, and this is beneficial for pupils 
since it spares them many meanderings. In this light, the idea of 
a logical order distinct from the order of learning seems out of 
place. It is a symptom of the survival of an intuitionist psychology 
which teachers use as an excuse to put off the indispensable 
rethinking of their ideas on the contents of their teaching. Before 
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hitting one’s head against a brick wall, it is preferable to know 
whether it will stand the shock. 

For once again the criticism misses its target. Certainly, when 
people speak of an order of learning—or of teaching—distinct 
from the logical order linking the concepts used in a given subject, 
they are talking out of genuine experience. But often that expe- 
rience is not based on certain knowledge of the inherent logical 
order (what a French student of Descartes has called ‘l’ordre des 
raisons’) instead the difference postulated between the two orders 
is a sort of refuge from one’s uncertainties concerning the logical 
order! Е 

The fact remains that application of the Davies grid shows the 
many different paths which in practice may be taken: there are 
several alternative ways of linking together the rules, and as 
many different alternative sequences of learning. Here we should 
stress that this is the first time that we have come across anything 
properly resembling a technique in programming work. This is 
why it seems more in the nature of general instructions than one 
might have wished! 


Establishing the flow-chart. The order of progression is represented 
by the rules in the form of a list. What we now have to do is to 
claborate in greater detail the passage from one rule to the next. 
For this we have two guide-lines: we must use association and 
discrimination. We will endeavour to keep to these guide-lines 
in the contents of the examples and the use we make of them. 
The easiest way of achieving this is to distinguish between several 


different categories of ru and cg [14], for which the symbols are 
the following: 


ru: complete rule eg: complete example 
fü: incomplete rule €: incomplete example 
Tu: negative rule €g: negative example. 


Leplat has described their use thus: 

A rule is a notion to which access is gained through a series of approaches 
which may be simulated by situations presented in the Jorm of examples. 
At first these examples (eg) will be explicit and will bring out all the 
characteristics of the notion. Then more examples are presented in which 
the notion is present, but with gradually fewer characteristics (&); the 
learner is asked to complete the latter. In the course of the lesson or at the 
end, cases are presented which do not entail the notion, to check that a 
distinction is being made between that notion and others (eg). The same 
general process applies to the rules (ru, ru). By using all these types 
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alternately or simultaneously, a process can be defined in which generalization 
and discrimination are at work [15]. 

Let us illustrate this not with an extract from a sequence, but 
by a child's game: pigeon vole (the pigeon flies). It is played by 
two children: one leads by giving the names of an object or living 
being, the other must answer ‘vole’ (‘flies’) when this is in fact 
something that flies. We can imagine how the notion of flight 
could be refined by diversifying it into categories: first birds, then 
insects, then contraptions. For each category there can gradually 
be brought out certain prerequisites for flight; for instance, with 
birds, the size of the wings. An illustration of generalization, from 
Skinner, was given in connexion with learning the spelling of the 
word ‘manufacture’: the examples are increasingly incomplete 
until the student is asked to fill in the whole word. The element of 
discrimination is meant to consist in checking that the pupil 
does not confuse the word in question with others of similar 
spelling. 

Thus, in the case of each rule, it must be decided what examples 
should be used, how many, what should be their content, in what 
order they should be introduced, what components or features of 
the rule one wishes to stress (cf. the extract from the linear sequence 
on the grammar of sets, p. 53), etc. In the case of rule 1, for 
instance, the sequence of items is as follows: 


eg-€2-€8-€-eg-eg -+ rü-rü-ru-eg + ru-ru 


The same process is applied to each of the other rules. As a 
safeguard, reminders and recaps are included, or alternatively the 
learner is made to give them himself, in order to avoid breaks in 
the development and also to avoid leaving the pupils with the 
feeling that continuity is lacking. 

The whole of this work is summarized in a synoptic table 
called the ‘flow-chart’, which gives a picture of the process 
defined by means of the symbols ru and eg. Here is an example 
(Fig. 23) on an entirely different subject. 

This chart is rather pointless if it does not refer to other records 
which have been duly kept; it is meaningless unless we know 
what the eg’s and ru's in the different squares refer to. This is 
why it is necessary, in the case of each of the analysed rules, not 
only to draw up a list of examples or incomplete rules which 
describe the learning process selected, but also to keep such lists; 
the diagram is only a summary, a card-file of symbols which 


gives an over-all view. 
The diagram is constructed in a very simple way: cach row is 
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Items 


15/1617 20/21/22[23 


Fic. 23. 


reserved for one ru, identified at the left one after another; the 
columns are used to indicate what learning each rule comprises. 
Thus, in the case of rule 1, there are nine stages: eg, ©, 65, eg, 
eg, ru, ru, fu, ru. The order of these stages corresponds to that 
of the items agreed as requisite for study of this rule, and refers 
to the list describing it; the numbers of the columns are in fact 
designed to show this order. When we move on to rule 2 we start 
with the tenth stage, obviously (column 10), but we change row 
(row 2). ^ 

But the diagram can have other purposes in addition to that 
of presenting visually the over-all development and flow of the 
sequence. We stress this not because its other functions are of 
great importance, but because the possibilities of the diagram 
are often neglected. 

First, it is possible to note reminders, and when these will be 
introduced, on the diagram, they have been drawn in as linking 
lines. The ru (column 8, row 1) is recalled in the form ru (column 
16, row 3). But this in itself would be of little interest. It is possible 
to be more ambitious and make stage 16, not a reminder, but 
instead a check on whether such a reminder should be included 
or not. 

Stage 16 then becomes a sort of test intended to verify a hypo- 
thesis: the hypothesis that stage 8 has been memorized. According 
to the findings, we shall judge whether or not to include a remin- 
der. Thus a certain number of hypotheses can be formulated, and 
perhaps there would be no harm in entering them on the chart 
(by means of a question-mark, for instance). 

Secondly, the diagram can be used to give an approximate 
indication of what the frames of the sequence contain, and conse- 
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quently the ‘dimensions’ of the sequence. By consulting the lists 
which set out the processes for studying each rule, we shall be 
able to decide what each step or frame will comprise. In the case 
of rule 1, let us imagine that we decide that it will contain the 
introduction of a complete example (eg: stage 1) and another, 
similar example to be completed (é&: stage 2). What we are here 
being asked to plan is less the number of frames than the scheduling 
of reinforcing contingencies. This will be noted on the diagram, 
in the form of a blueprint: stage 1 and 2 make up the content of 
frame No. 1 in a linear sequence. The content of succeeding frames 
will be determined in the same way (Fig. 24). 

The same suggestion made above in the case of reminders 
can be followed here: plans relating to the content of frames 
can be conceived somewhat like hypotheses. We postulate that 
the two eg’s (stages 2 and 3) are adequate to allow the pupil 
to carry out the discrimination which is required at 4. The question 
put in frame No. 2 will thus have the function of checking the 
validity of this hypothesis, 

With these functions the chart will serve as a guide during the 
next stage, which is that of writing the programme, and also as a 
check-sheet for interpreting the findings when the sequence is 
first run. It will then help to show what corrections are necessary. 

We have seen that by this means it is possible to define the 
content of items or frames in a linear programme. Even if we want 
to write a branching sequence, the information in the diagram 
is still useful. Davies suggests that the content of a key item or 
frame should be defined by the stages which the learning of a rule 
entails (see Fig. 25). 

But in thus planning ahead the sequence in which items or 
frames will come, we may lose sight of the mistakes which we wish 
to test and identify during the learning process in order to correct 
them. This is our opportunity to take into account any information 
or results of investigation by means of which mistakes were 
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traced. In this way such mistakes may even point to other possibil- 
ities of using generalization and discrimination for our purposes, 

Because if there is a mistake, it must be because the pupil is 
doing either or both of these operations badly. This being so, 
the processes for studying the various rules must reveal where 
he is going wrong and show how to put him right. Consequently, 
the flow-chart may very well differ from one designed for a linear 
programme. Since mistakes must be detected and corrected, we 
see that decisive importance attaches to the chart’s function of 
formulating and exemplifying hypotheses, because the testing 
of such hypotheses becomes in itself the means of deciding the 
next step. Thus, unexpectedly perhaps, we recommend that 
programmers should not await the completion of the diagram 
before deciding the type of programme to be adopted. This choice 
is a preliminary one, since the use made of the diagram, its form 
and its content all differ according to the choice made. 


Remarks. The combined use of rules and examples in the definition 
of the learning process sometimes gives rise to confusion over 
terminology. The method of giving many examples before formulat- 
ing the concept they illustrate is termed ‘inductive’, by contrast 
with the ‘deductive’ method, by which first the rule or concept 
is presented, followed by the examples. The former is also called 
a ‘discovery’ method, while the supposed effect of the second is 
to condition. Neither use of the terms has any bearing on the 
learning of knowledge which in fact is either presented systematical- 
ly in a formalized manner or in accordance with the rules of the 
experimental method. If we achieve anything resembling a strict 
scientific approach with these techniques, this is not attributable 
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to them alone; and if we do not, it is unfair to lay the entire 
blame at their door. 


Once the flow-chart has been completed, we are very near the 
final planning of the sequence. Now it need only be put into 
practice and it may be wondered why this was not done previously, 
when we already had the necessary material. The reason is our 
desire to keep separate the various operations by which the 
sequence is constructed and, in the same spirit, our concern to 
put off the moment of writing and editing it. Writing the program- 
me which may appear to be the easiest part, in fact presents the 
thorniest problems if we are not adequately prepared against 
them. But the same is true of other techniques, for instance, 
mathematics, semantic analysis or behavioural analysis, the last 
of which we shall now examine. 


Behavioural analysis 


This is one of the easiest techniques for organizing the subject- 
matter, even if it is not the most fully perfected. Its origins are 
obscure, but it can be understood and applied once parallels are 
provided between it and other techniques. As with the techniques 
described above, behavioural analysis entails a theory of concept- 
forming which is also based on the twofold activities of generali- 
zation and discrimination. 

The principles were laid down by Francis Mechner, an American 
psychologist who studied, in particular, the conditions for memo- 
rizing, forgetting and retaining. He noted that forgetting was not 
simply a loss of knowledge, but an inevitable process brought 
about by the mixing of new and old knowledge, some parts of 
which are handled more frequently than others. Once forgetting 
is recognized as inevitable, it must necessarily be allowed for in 
a learning process, where it is bound to occur. Reviewing what 
has been learnt is not only a safeguard, but an essential aspect 
of the process. . 

This consideration gave rise to the idea of judiciously blending 
the introduction of new knowledge and the recalling of old, 
without however losing sight of the difference between the two. 
Here, in principle, is how we would go about teaching a subject: 
Select between 5 and 20 key words ‘defining’ the subject. The key 

words, which will serve as chapter headings, are written out 

on red cards and then put in order. 
We then take each red card and define the word or words on it 
in terms of other words, which in their turn we write out on 


yellow cards and put in order. 
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We then take the yellow cards one by one and analyse the key 
word or words on them into other key words; the results are 
written on green cards which are then put in order. . 

The operation is repeated on the green cards, the results being 
noted on blue cards. 

The blue cards should now contain the ‘atoms’ of the knowledge 
to be communicated. These atoms should be so elementary that 
a new word can be introduced approximately every five or ten 
items in the programme. The cards thus ordered correspond 
to the flow-chart, and illustrate how juxtaposition and contrast 
can favour the acquisition of new knowledge without confusing 
it with the old, and therefore without forgetting. The cards 
represented in Figure 26 have been numbered and put in order. 
The diagram shows the fact that the contents of a green card 
can be learnt only after those of a differently coloured card have 
been acquired; in the absence of any chance to differentiate, 
confusion would occur and lead to forgetting. To avoid this, we 
shall take the cards in the following order: 1, 2, 3, 4, 5, 6 (blue), 
7 (green), 8, 9, 10 (blue), 11 (green), etc. The whole looks rather 
like a tree; to reach the trunk, first all the leaves on one twig 
must be explored, then all the twigs until the small branch is 
reached, and so on until the trunk is attained. There is nothing 
complicated about this system, which is presented primarily to 
recall the studies in connexion with which Mechner suggested 
this technique. 

In order to convey the advantages of behavioural analysis, 
it is useful to make reference to another similar technique, namely, 
PERT or PERT COST planning [r7]. PERT procedures are used to 
establish, in the case of a firm for example, the optimum planning 
of its production activities. This requires as a first step, a minute 
analysis of all the processes, and of their duration. Secondly, they 
are put in the optimum order. 

The aim is to plan the optimum starting time for all activities, 
so that each activity is ready to start when the preceding one is 
completed, neither earlier nor later. All the processes in this 
system are based on one requirement: to obtain a finished product 
with minimum waste of time. Once the aim is set, then the proce- 
dure is to work back from this point of arrival, one stage at a time 
from operation to operation as systematically as possible, while 
trying to prevent delays and bottlenecks from arising. Once the 
analysis of the elementary tasks is complete, the whole purpose 
of the PERT technique is to apply this ordering to the actual 
production process and thus optimize the course of operations. 
Here there is an obvious parallel with the task of drawing up 
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a programmed learning sequence. The analogy becomes even 
more striking when we consider how behavioural analysis organizes 
the subject-matter of instruction in a logical order. 


Description. The initial definition of aims is in behavioural terms, 
but it will now be expressed in a small number of key words, and 
as concisely as possible. Each of these key words will be defined in 
its turn in the same way in a short formula, the key words of which 
will form the subject of a new definition, and so forth until the 
definitions given are felt to correspond to patterns of behaviour 
acquired by the pupils. Thus the principle followed in organizing 
subject-matter is similar to Mechner’s. The practical techniques 
used were developed by Mr. Le Xuan, an expert on programmed 
instruction. They involve a number of stages. 

First, the final or terminal behaviour is defined (the aims of 
the sequence). Then the content of the items is analysed by the 
following method: take a sheet of paper; divide it into two columns; 
at the top of the left-hand column write the number 1, and after 
this the formula defining the aims; in the right-hand column 
opposite, write the words denoting important concepts, separating 
them and numbering them from 2 onwards. 


I Formula defining the 2 Key-word A: definition 
aims of the sequence 3 Key-word B: definition 
4 Key-word C: definition 
2 Definition of A 5 Definition of Tr 
6 Definition of To 
7 Definition of T3 
8 Spelling of the word W 


3 Definition of B 9 Fı 
10 F2 

4 Definition of C II à 
im | 


Thus words A, B, and C—or the concepts or patterns of be- 
haviour they represent—fully describe the aim expressed in 1; 
in the terms used by practitioners of this technique, they ‘analyse’ 
the content of 1. In other words: ‘The acquisition of A, B and C 
is necessary in order to achieve 1.’ If this is so, we have determined 
the patterns of behaviour indispensable for shaping the final 
pattern. Before continuing, a line is drawn across the width of the 
page. 
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Next the definition of A is entered in the left-hand column. 
It is expressed in the same way as the aims, i.e. a few, precise 
terms. We then ask ourselves: ‘What patterns of behaviour are 
necessary in order for A to be acquired?’ Let us assume that it is 
necessary to be able to carry out three operations, T1, T2, and T3, 
and to know the spelling of a word W expressing an item of 
knowledge. The whole of this—i.e. the definition of Tr, T2 and T3, 
together with W—is entered in the right-hand column opposite 
the 2 which was repeated in the left-hand column. Each definition 
is now numbered, starting with 5 (which follows on from the 
number 4 entered above it). 

Concepts 5, 6, 7 and 8 describe the behaviour defined by A. 
In other words, in order to learn A, these concepts must first be 
acquired. Then 3 is transferred to the left-hand column, and we 
continue the description of the previous knowledge required for 
this to be learnt. Suppose that a knowledge of two formulae F1 and 
F2 is necessary (electrical or chemical formulae, for instance). 

The process may seem complicated but in fact, all that is required 
is that the numbers in either column should be successive, and 
that the left-hand column start with 1 and the right-hand column 
with 2. When do we stop? When we see that none of the definitions 
being given requires any learning, because all are already acquired; 
in this case we simply write ‘Acquired’ in the right-hand columns. 
The process of analysis is finished when the highest numbered 
definition on the right has been transferred to the left, and *Acquir- 
ed' has been written in opposite. Here is a diagram setting out 
the result. (See also Fig. 26 above.) 


т Formula defining the 2 Key-word A: definition 
aims of the sequence 3 Кеу-мога B: definition 
4 Key-word C: definition 
2 Definition of A 5 Definition of T1 
6 Definition of T2 
7 Definition of T3 
8 Spelling of the word W 
3 Definition of B 9 Knowledge of formula F1 


10 Knowledge of formula F2 


4 Definition of C 11 Ability to draw diagram S1 
12 Ability to use a compass 


5 Definition of T1 13 Measuring a length in cm 
14 Knowledge of units in which area 
is measured 
6 Definition of T2 Acquired 
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24 
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26 
27 


Definition of T3 


Spelling of word W 
Knowledge of 
formula F1 
Knowledge of 
formula F2 

Ability to draw 
diagram S1 

Ability to use 

a compass 
Measuring a length 
in cm 

Knowledge of units 
in which area is 
measured 

Doing a binary 
addition 

Doing a binary 
multiplication 
Knowledge of 
formula F3 
Knowledge of 
formula F4 


Knowledge of units 
in which volume is 
measured 


Knowledge of the 
binary system 
Procedures of binary 
addition 

Knowledge of the 
binary system 
Procedures of binary 
multiplication 


Reminders to be 
carried out (4-) 


Reminders to be 
done (x) 


Reminders on + 
Reminders on x 


15 
16 


17 
18 


19 


20 
21 


22 
23 


26 


27 


Doing a binary addition 
Doing a binary multiplication 
Acquired 


Knowledge of formula F3 
Knowledge of formula F4 


Knowledge of units in which volume 
is measured 

Acquired 

Acquired 

Acquired 


Acquired 


Knowledge of the binary system 
Binary addition procedures 


Knowledge of the binary system 
Binary multiplication: procedures 
Acquired 

Acquired 


Acquired 


Acquired 

Reminders 

Acquired 

Reminders 

Reminders carried out on + 
Reminders carried out on x 


Acquired 


ACQUIRED END 
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How do we proceed in practice? First of all, some division of 
labour is suggested for the team-work between, on the one hand, 
the experts in the subject taught, and on the other the experts in 
analysis. The latter are the technicians who help the former 
to spell out their aims, determine what is ‘acquired’ and express 
in operational terms what is to be learnt. 

The analyst is in some sense an interviewer who knows how 
the answers should be calibrated, or the moulds into which they 
must be cast, but not what the answers are. The subject expert 
is there to say what he wishes to teach, and whether he agrees 
with the formulations proposed by the analyst to interpret those 
wishes. The analyst’s function is therefore essential, since his job 
is that of the Socratic midwife. Finally, he will use the material 
to construct the sequence—to define its course and the schedule of 
reinforcements cues and prompts. 


Comment. In the actual conditions of teaching, such a division of 
labour would seem undesirable. The idea of divorcing the question 
of the content of teaching from that of the methods best suited 
for teaching it, seems misguided in the absence of any reliable 
guide to the relationship and differences between them. To put 
it bluntly, this means that the ‘programmed instruction expert’ is 
as shadowy a figure as the ‘educational psychologist’: he knows 
as little as the latter does about his own field of activity and 
working methods. 

The technician in programmed instruction, whether he calls 
himself ‘analyst’ or ‘programmer’, is in no way an expert except 
in terms of, and in relation to, a subject which he has mastered. 
Outside that subject he is not competent to pronounce on methods 
or types of sequence; the knowledge of the learning processes 
which psychology affords, and the knowledge of programming 
techniques are not sufficient for him to be able to decide how the 
subject-matter should be presented. There are several reasons for 
this opinion. First, the lack of strict principles for the application 
of psychological data to teaching, and the empirical nature of 
programming techniques which has been continually stressed, 
Finally, in our opinion, it is very risky to delegate to the technician 
decisions concerning problems for which he has not the required 
skills. The, psychologist, the sociologist, the linguist, etc., may 
criticize the teaching methods of a given discipline by appealing 
to the facts established by their sciences. The same is true of the 
technician in the field of audio-visual aids or programmed ins- 
truction, although here his criticism will be based not on scientific 
findings, but on acquired experience. But none of them is in a 
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position to give anything more than advice. In the end, knowledge 
of the subject prevails, and is used to get the fullest benefit from 
such advice. Educational technology, to a greater extent than 
the sciences to which would-be scientific pedagogical theory 
turns, depends on the subject to be taught and the aims 
assigned to that subject. It is, therefore, suggested that readers 
dismiss from their minds the picture of a programmed ins- 
truction expert who might tell geographers, mathematicians, 
chemists, etc., how and what to teach! 

We recommend that the application of this technique, as of 
other techniques, should be left to its users, the teachers, who 
must, in fact, decide the best use that can be made of it. The 
technician should limit himself to describing the technique 
and warning teachers as to what it cannot be expected to do. 
When the problem is to spell out the content of a concept succinct- 
ly, the main difficulty is to define this concept for the pupil who 
will have to learn it, ie. to state on each occasion what must 
already be known in order to understand the concept. For each 
of the concepts transferred from the right-hand column to the 
left-hand column there must be this sort of reflection. But the 
description of the 'required knowledge' which is summarized 
by the right-hand column is not only conceptual; again generali- 
zation and discrimination must be applied, as in the case of the 
Davies technique. Therefore the description may be very detailed, 
comprising examples (illustrations, diagrams, etc.) negative 
examples, teaching aids (slides, tools, etc.) and so forth. We 
recommend that an extra effort should be made over and above 
what is required for such analysis: an effort to ‘describe’ each of 
the concepts entered on the left by the subconcepts which its 
learning entails. In this way it will be possible to avoid breaks 
in continuity in the course of the sequence. 

As in the preceding case, once the components of the sequence 
have been analysed, it is necessary to decide the order in which 
they should be presented and taught. 


CONSTRUCTING THE FLOW-CHART 
OR MECHNER 'TREE' 


This is a synoptic presentation of the data which have been 
subjected to ‘analysis’ and set out in two-column tables, Here we 
have the ‘tree’ which summarizes the analysis of Figure 26—see 
Figure 27 below. Concept 1 (aim) is represented at the top by its 
serial number. Beneath it, 2, 3 and 4 have been connected to it, 
according to the description in Figure 26. And the same has been 
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done for all the concepts, omitting only the entry ‘acquired’ 
beneath those for which there is no need for instruction. 
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The order of learning will be read off this synoptic table, 
starting with the numbers farthest to the left and lowest on the 
tree: 13-14-5, because 13 and 14 are necessary for the later 
acquisition of 5, but not enough to acquire 2: 20-26-24-21 . . . 15; 
22-27-25-23 . . . 16; 758; 17-18... 9; 19-10... 3; 11-12. . . 45 I. 
These successions of numbers denote the concepts in Figure 27 
and define the order of learning (or teaching). Therefore, here 
again, ordering the results of analysis is treated as equivalent 
to determining the order of presentation. 

The concepts could however be ordered in several ways. The 
procedures employed by the analyst may decide in favour of one 
way rather than another without the reasons being obvious to him 
or to the subject expert. For this reason we advised against the 
division of labour between the two. 

Once the skeleton flow-chart of our sequence is established, 
we can embark on the stage of writing the sequence. 

Before turning to this stage, it should be noted that all the tech- 
niques which require at the outset a behavioural definition of aims 
come up against the same difficulties as the two presented here. 
The reasons are clear: as soon as a teaching aim has been described 
in terms of behaviour, the problem is how to analyse in these 


terms what separates the aim from the starting point. 
Writing the sequence 
After all the preparatory stages or phases, it will be appreciated 
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that the actual writing, the implementation, the task of putting 
the work into final form constitutes the acid test. And, quite 
frankly, it is the test for which we are least well prepared. How can 
we convey the content of the items we have defined ? Whether it be 
visual, verbal, or anything else, their content is being conveyed 
through a medium which is still, as it were, half-packed. At this 
point in the programming, we know in principle what we are 
packing up, what each parcel will contain and when we should 
send it. But how are they to be packed? And how are they to be 
presented if they are to be willingly accepted ? 

We are up against all the old problems: logical order and 
order of teaching, acquired patterns of behaviour, components of 
knowledge, etc. To face these problems, a critical outlook and a 
sense of humour are needed. 

Whether dealing with a branching or linear sequence, those 
writing the lesson are advised to pay careful attention to the lan- 
guage in which information is presented, to the form in which the 
questions are put, and to the nature of the help given to encour- 
age and guide towards the right answers. Word by word, example 
by example, everything must be carefully weighed and appraised. 
Experience will quickly show the range of pitfalls which must be 
avoided, but the mutual criticism which team-work can offer will 
eliminate many from the outset. 

It is always instructive to read programmed lessons written by 
others, particularly from the point of view of avoiding pitfalls. 
We recommend such reading for teams who are about to tackle 
the writing stage; the more one criticizes, the more difficult it is 
to escape criticism when one’s turn comes. It may be charged 
that it is not enough to warn against the most common mis- 
takes, they should be prevented. For this purpose, the careful 
study of existing programmes is a good exercise. Whether they are 
good or bad (the latter are just as instructive), they will give an 
idea of what should or should not be done. A model is of little 
value unless we know what criteria must be observed in order to 
imitate it. 

The difficulty of giving the lesson a final form conceals another, 
far more serious, that of the language in which knowledge is 
expressed. This must be a natural language, in order to be under- 
stood by the pupils; as such, it is not as rigorous as that of the 
knowledge to be conveyed. Thus a great distance separates the 
formalized and purely symbolic language of logic from the 
language which is used for teaching it, and this gives rise to 
ambiguities which sometimes reflect serious misunderstandings. 

Skinner thinks that language is also a ‘behaviour’, and accord- 
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ing to him this difficulty should be examined in the same way as 
those which are met within other learning processes. In his 
book Verbal Behavior, Skinner puts forward the theory that language 
learning can, in principle, be subjected to the same types of 
conditioning as other types of learning. It is this assertion or thesis 
(which follows ineluctably from Skinnerian principles) that has 
met with the strongest opposition on the theoretical level, principal- 
ly from Chomsky [18]. 

The criticism can be summed up in a few words. In Skinner's 
view, verbal acquisition depends on the same processes as any 
other acquisition: a scheduling of reinforcements will result in 
fixing behaviour. In Chomsky's view, this takes little account 
of the meaning which words convey and, above all, ignores the 
way they convey it. The elements of language are finite in number, 
and yet they are sufficient to signify an indefinite number of facts. 
We must accordingly assume that language has a ‘creative’ 
capacity, which it is therefore impossible in any way to reduce 
to a set of elements to which operant conditioning could be applied, 
because this capacity alone explains the fact that the elements 
are arranged in an indefinite number of patterns [19]. 

Thus these criticisms bear out what we have said: at the writing 
stage one has no guide and no protection against the traps of lan- 
guage. How can one engender a cautious and alert attitude ? Certain 
experiments have convinced us that a word-for-word analysis of 
sequences which have obvious faults is an excellent means of 
drawing attention to possible pitfalls. Of course it is impossible 
to ask for an over-all appraisal. What we suggest is a microscopic 
examination in which every assertion or definition of a concept or 
of relations between concepts is taken absolutely literally. Such a 
minute examination very quickly brings out all the illogicalities 
of thought or expression, and whoever undertakes it will be very 
wary when his turn to write a sequence comes round. К 

Against the temptations of facile programming and the pitfalls 
of language perhaps we need to strengthen our defences; there is 
no better way to do this than through team-work. 


EXPERIMENTAL TESTING: 

ASSESSMENT AND VALIDATION 
At last the sequence has been written, reviewed and its layout 
arranged by the artist of the group, who has set out the illustrations 
and the diagrams, chosen the typeface or print in which it will 
appear, etc. After the final revisions, a number of sequences have 
been run off, and we wish to test them on a small sample of the 
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intended school population. Many arrangements must be made, 
of varying complexity depending on the circumstances. If all we 
want to do is to test the value of the sequence without laying any 
claim to detailed research, there are very simple techniques and 
methods. But if we are at all demanding (and why should we not 
be?) these will seem too simple. 

First let us define some terms.! ‘Experimental testing’ comprises 
the set of trials on the basis of which a certificate of quality will 
be awarded to the programmed course, allowing it to be used on 
a large scale in the conditions defined by the certificate. There are 
two series of tests: ‘assessment’, which consists of a series of limited 
tests, followed by the necessary revision; then ‘validation’, which 
checks the quality of the product on larger samples taken from the 
actual environment. Once these tests have been passed, the 
programmed course is put on the market with a guarantee. 

Unfortunately, there are very few programmes which have 
been subjected to these tests. The procedure is, of course, tedious, 
but all sorts of other reasons are given for dispensing with it. 
For this reason great stress should be laid on the need for it, 
even though in practice there are doubts as to the reliability of the 
means used for testing. 


Assessment 


This is carried out with only a few pupils, who are made to study 
the whole sequence and take all the tests (pre- and post-tests). 
First they are given the pre-test. With only a small number of 
pupils, it is possible to make some observations while they are 
working: the time they take to complete the test, the questions 
which hold them up the longest, etc. 

The answers are then studied and compared with the expected 
answers. Some exercises are designed to test certain prior know- 
ledge (the answers must be correct); others concern the subject 
under study, and are intended to check that the pupils are not 
already familiar with it (here the answers should be incorrect or 
take the form ‘I do not know’). It is also advisable to interview 
the pupils for in this way one can discover the precise meaning 
of their replies, the difficulty of the questions and particularly, 
when the answers are wrong, whether the form in which the 
questions was put should not be reconsidered, etc. 

In fact, giving the pupils this pre-test at this stage is only a 
safeguard, because it was suggested that, in principle, it be given 


1. The definitions of these terms vary from writer to writer. We give these definitions for the 
reader’s convenience. 
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Fic. 28. The dots mark the items on which errors were made. The pic- 
ture they give shows that the errors occurred especially at items 2, 17 and 
21. Particular attention will be paid to these items, without, however, 


neglecting the others. 


to a sample of pupils immediately after the objectives had been 
defined. The reason for giving it to a small number of pupils at 
this juncture is to ensure that they are at the level of those pupils 
for whom the sequence is designed. Once representative members 
of the intended population have been selected in this way, they 
are asked to study the sequence as constructed. 


Study of the sequence. Here too, the behaviour of the pupils should be 
observed and their reactions noted. When they have finished, 
we interview them individually and go through the sequence 
item by item. Errors are entered on a card prepared in advance 
(on the model of Fig. 28). 

Although the errors occur at one point, their cause may lie 
earlier. The items, then, must be considered one by one, the sample 
pupils being asked what they think of them: wording, diagrams, 
layout, examples, etc. This interview is ‘clinical’ in the sense that 
it sets out to establish the visible or explicit reactions of the pupils. 
But it is worth while supplementing it with other questions. We 
explain to the pupil what we intended and why we went about 
it in that way, and ask him how he himself would have done it if 
he had had to give the lesson to his friends. Experience of this 
type of interview proves that the testing devices are empirical and 
subjective. 

The discussions with pupils on such occasions are always very 
informative and revealing. The new programmer should be 
reminded how large a part was played by intuition in his prepa- 
ratory work, and how little his impressions, however strong, can 
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replace an exact observation which can be checked by others. 

The pupils have been questioned one at a time, and their 
comments, suggestions, explanations and criticisms, etc., have 
been noted. All these notes have been compared with the hypo- 
theses which were formulated at each stage of preparing the 
sequence and of which copies have been carefully kept. This 
comparison is based on the assumption that the pupil is right 
when he shows lack of understanding or manifests a wish. The 
next job is to modify the sequence in accordance with the infor- 
mation supplied by the trial. Items which have proved too ‘dense’ 
will be split up, some examples will be replaced by others, diagrams 
will be redrawn and the layout will be altered, etc. I remember 
a geometry sequence which was intended to give young Congolese 
the notion of a point. In a so-called ‘concrete’ example, they were 
asked what a star suggested to them. The boys unhesitatingly 
answered ‘a point’, as had been intended; the girls, on the other 
hand, talked of diamonds, jewels, rings or gold. The example 
and the question, obviously, had not succeeded in arranging the 
‘reinforcing contingencies’ in the way expected; something less 
evocative, though no doubt duller, had to be found. 

The phase in which pupils are redirected and corrected is a 
key phase. But it is productive only if we have been able to for- 
mulate hypotheses implied by completion of the previous stages, 
For this is the point where our choice of the previous stages is 
justified, the moment of truth. If we have been too hasty in 
relying on the results of the first trial for the purpose of making 
any necessary corrections, we shall not be able to use those results 
not knowing what they should be compared with. | 


| The corrections are made and the new version of the sequence 
is prepared, 


tions, oddly reminiscent of the trial and error method used by 
"Thorndike's rats, 
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Remarks. Although experimental tests are not difficult to carry out, 
the work of setting them up should not be treated as a matter of 
secondary concern. This, however, is usually what happens. Such 
is the fascination of matrices, trees and graphs, so exciting is the 
actual writing of the programme, that the appointment with the 
pupils is forgotten. We need hardly remind readers that all the 
stages of programming should be directed towards keeping this 
appointment. 

Interpretation of the results of these trials will in any case depend 
on strict concern in this regard. If other interests have claimed one’s 
attention, these other interests will determine the way one analyses 
the answers, questions the pupils and later corrects individual 
items. Thorndike’s rat used to get an electric shock when it went 
the wrong way! 


The sequence and the tests have been duly revised and corrected, 
and are now complete; the last sample of pupils has shown that 
both sequence and tests were satisfactory. A new trial is necessary, 
with another, larger batch of pupils, which should be representative 
of the intended population as a whole. The last tests before 
putting the sequence on the market is that of validation. 


Validation 


The purpose of validation is to check that the sequence is indeed 
suitable for as many pupils as it is intended to teach. To this end 
it must be tried out on a larger number of pupils, representing 
the variety which may be met with. 


Comment. The distinction between assessment and validation which 
is made here rests on the fact that the purpose of the former is 
to obtain the sequence which the programmer wants, that of the 
second to see whether such a sequence is suitable for the pupils. 
The distinction may at first seem academic, but it is justified by the 
reflection that the sequence made will be effective when it has also 
proved its efficiency—that large numbers of pupils can study it 


[20]. 


The most important operation is to determine the sample, Fa 
planning and carrying out such sampling, the help of a psycho- 
logist is indispensable, since he has at his disposal a whole er 
of techniques which can be used as a guide when deciding on the 
factors to be considered in the selection. In principle, little is 
asked of him; if the objectives and the tests have been drawn up 
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in a completely operational manner, his technical contribution 
will be confined to the material planning of the sampling operations 
using the two tests. In practice, when we consider the total 
number of unknowns, and the number of hypotheses which have 
been built up during the planning of the sequence, we shall 
be obliged to ask more of him. Our instruments are too fragile 
to obtain a satisfactory sample, and we shall have to achieve this 
with other instruments which have already proved their mettle. 

The psychologist can draw on his repertoire of tests to find 
those which are best suited to the programmer’s needs: intelligence 
tests, attainment tests, tests of pupils’ reasoning powers, their 
vocabulary, their socio-cultural characteristics, etc. [20]. But the 
characteristics of the population will have been defined at the very 
beginning of the programming process, and the psychologist, 
therefore, present since the beginning of the group’s work. He will 
have intervened to ask what characteristics of the population are 
to be taken as a basis for subsequent use. Next, working within his 
own field, he will choose the proper sampling tests, and indicate 
how they are to be applied. The choice of methodology is then a 
matter for the psychologist,,not for the teacher-educator or the 
teacher, who will accordingly not be concerned with the details of 
the techniques which the psychologist uses. What is important is 
the type of co-operation which must be established between the 
psychologist and the teachers who are writing the programmes. 
The former should not use his tests to impose any preconceived 
form or content on the sequence. Conversely, the teachers will not 
force him to devise ‘made-to-measure’ tests intended to prove 
what they wish to prove. Unless real team-work is achieved, the 
successes the process will produce will be highly suspect. 

Once a group of pupils representative of the whole population 
has been selected, this group can be used to simulate actual study 
and working conditions. As in the case of assessment, the pupils 
are first given the revised pre-test, then the sequence and finally 
the post-test. These three operations can be carried out on different 
days. Here again, it is interesting to observe pupils’ behaviour. 
But teachers come up against one particular difficulty. They are 
reduced to a passive role, and it is often difficult for them to 
resist the temptation of intervening or ‘invigilating’. This prejudices 
the experiment, in the sense that the pupils do not feel that they 
are working alone with their programmed lesson. And perhaps, 
just because they feel they are being watched, they will be afraid 
of making mistakes and will check on the right answer before 
giving theirs. For this reason teachers keep a neutral attitude, and 
tell the pupils that if they make mistakes it does not matter. 
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It is also important to note the time each pupil spends learning 
the lesson, because it would be dangerous to give them unduly 
long sequences, The concentration required by the study of these 
lessons is such that it cannot be kept up for too long without 
breaks occurring in the pupils’ progress, which may subsequently 
hinder their understanding. 

Once the sequence has been learnt, the answers given by each 
pupil to each item are studied. A table is used on the lines of that 
in Figure 29; the mistakes made are indicated by dots. Pupil No. 1 
made no mistakes ; pupil No. 14 made 7 and No. 16 made 12. At the 
foot of the columns the total number of correct answers to cach 
item has been entered and underneath, the percentage of success. 


The information given by this diagram has been reproduced in 
Table 3. 


How is this data used? 


First of all, it gives us information on the location and relative 
frequency of mistakes. Items 8 and 9, for instance, have occasioned 
7 and 10 mistakes respectively. In the case of the pupils, also, it 
can be seen that two of them (14 and 16) have made many 
mistakes. This is not enough to indicate the causes of these mistakes, 
and how the sequence should be corrected. In order to achieve 
this, we need the documentary material prepared during the 
process of programming. 

Items 8 and 9, for example, refer to ru 3 of the Davies matrix, 

and to some columns of the flow-chart, or alternatively to the 
third stage of behavioural analysis. Reference to one or other of 
these will give us a better idea of the causes, for we can see what 
content is involved, the procedure chosen to teach it and its 
relationship to other concepts. In this way, we see that ru 3 and 
Tu 12 are linked, and that the items which expound them are 
8, 9 and 37-38; it is also precisely at these points that there are 
clusters of mistakes. 
This may help us to formulate the first tentative hypotheses 
on the causes of these mistakes. The results obtained from the 
Pre-test will perhaps show that the concepts in question require 
prior knowledge which not all pupils possessed. Are these the ones 
who made the mistakes? Here we sce the reason for stressing the 
need to preserve all the documentary material prepared, since it 
provides us with a basis on which to work when considering what 
hypotheses are to be formulated. But this material is often not 
enough; the only Way out, in that case, is to question the pupils, 
Suggesting that they should put forward other types of presentation 
which seem clearer or more comprehensible to them. 
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of Pupils’ identification numbers F 
Percentage | correct 3 
e E | ” 

100 30 - 
96 29 ] s 
90 27 | = 
эз 28 | m 
100 30 a 
100 30 E 
100 30 m 
76 23 p 
66 20 Li Lie 
96 29 L| 3 
96 29 БЕ ET 
96 29 Б 
100 30 LL] М 
100 30 = 
100 20 E 
96 29 z 
100 30 Re 
93 28 5 
90 27 2 
83 25 Lis 
93 28 8 
93 28 a 
96 29 hi 
90 27 R 
86 26 S 
96 29 " 
100 | 30 8 
100 30 S 
96 29 Б 
100 30 8 
100 30 2 
100 30 $5 
100 30 ы 
100 | 30 e 
100 | з ah 
93 28 » 
83 25 8 
83 25 3 
96 29 s 
90 27 T 
8 

T 

S 


132 


L'ou 4ouuns 


siaalqns QE 403 siinsogi 


Techniques for elaborating programmed courses 


TABLE 3 
Percentage of correct Percentage of correct 
answers, by item i answers, by pupil 
Number Percentage Pupils Percentage 
of success identifi- of success 
cation 
number 
I 100 I 100 Level (threshold) of 
2 96 2 100 validity: 95% 
3 go х 3 100 At this level: 60 mistakes 
4 93 X 4 100 ‘Excess’ of mistakes: 8 
5 100 5 95 
6 100 6 ق‎ р 
7 100 7 100 
8 76 — 8 97 
9 бм = 9 95 
10 96 10 100 
Il 96 11 100 
12 96 12 100 
13 100 13 100 
14 100 14 By = 
15 100 1 
16 86 i 2 == 
17 100 17 95 
18 з X 18 95 
19 go х 19 100 
20 83 — 20 95 
21 93 х 21 100 
22 934 х 22 U X 
23 96 23 92 х 
24 go x 24 100 
25 86 — 25 100 
26 96 26 97 
27 100 27 100 
28 100 28 100 
29 96 2 
30 100 ex t 
31 100 
32 100 Threshold < 90% ^— 
33 100 Threshold > 90% < 95% — X 
34 100 
35 100 
36 99 X Over-all percentage of the sequence: 
i 83 — "Total number of items, 1,200 
3 83 — ‘Total number of mistakes, 68 
39 96 Percentage of success, 94 
40 90 x Average of correct answers, 39 
ds 98 Average of mistakes, 1 


Over-all percentage after eliminating numbers 14 
and 16 

Total number of items, 1,120 

Total number of mistakes, 49 

Percentage of success, 95-7% 


e er чы ЫЫ 
Threshold 

re > 90 < 95% 
Threshold < 90% + — 
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The post-test, which will have been given after the sequence, 
can also be instructive and may furnish other indications. Using 
this material, we must now deduce the corrections which will be 
made to the programme. 


Remarks. Some surprise may be felt at the primitive nature of the 
statistical instruments which have been applied, since we confine 
ourselves to establishing percentages and derive from these a 
success rating which is then compared with the target we had set 
ourselves. If 95 per cent of pupils answer 95 per cent of the questions 
correctly (in the case of a linear programme), or 70 per cent 
(in the case of a branching programme), the sequence is deemed 
‘valid’. These are over-all figures, and may hide unsuspected 
facts. In the example chosen, two pupils and two items are involved Я 
but if we do not take these particular pupils into account the 
success rating is 95.7 per cent, which would entitle us to conclude 
that the sequence is right, and to ignore the two items which are 
shown to be at fault. 

When the over-all percentage alone is given, then, it may 
present a false picture of the quality of the sequence; we should be 
wary even of the way in which it is calculated. All the items are 
put on the same level, as are all the questions in the tests: they are 
given the mark either of 1 or o (right/wrong, and if we try marking 
we shall soon see there can often be hesitation between 1 and o). 
Moreover, there is little sense in adding up the results expressed 
in this form: this means adding up successes which do not all have 
the same value and then using these totals to trace the mistakes. 

To a large extent, the criticisms directed at the above assessment 
and validation techniques are well founded. Attempts have been 
made to refine them, especially by using more advanced statistical 
methods. The results are not convincing; a more rigorous approach 
is needed in organizing the subject-matter and, subsequently, 
in regard to the items of behaviour involved in the sequence. In the 
present state of research work, this is not yet possible. The large 
number of variables, the complexity of the situation and the 
difficulty of experimenting are the main obstacles. 

This does not mean that such techniques have no application. 
Even if they do not yet meet the demands of a strictly scientific 
approach, they can instil a concern and a desire for such an 
approach. To this extent they can be of great formative value. 
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SECTION 2. THE NEW TECHNIQUES 


As proposed at the beginning of this chapter, the ‘new’ techniques 
are here being discussed as a separate category with this label 
because they break with the Skinnerian tradition. Perhaps this 
does them too much honour, because they have hardly been 
codified at all and are for the most part not in widespread use. 
Information about them is in any case scattered, incomplete and 
difficult to compile. Here is proof of the multiplicity and vitality of 
the research effort inspired by programmed instruction. Although 
the ‘new’ techniques are still evolving and therefore difficult 
to describe, it is interesting to observe that a non-behaviourist 
type of programmed instruction is being developed. Even if it is 
impossible to describe these techniques, it is useful to know along 
what lines and in what direction they are moving. Let us say very 
briefly that what they have in common is a concern with what 
goes on in the ‘black box’. 

The most original research has been undertaken in the United 
States and the Soviet Union. 


SUPPES 


Speaking at a symposium [21] at which he presented his work, 
Suppes affirmed: 

My original title for this paper was ‘Behavioural Foundations’ rather 
than ‘Psychological Foundations’. The reason for changing is the desire 
fo avoid the charge of attempting to reduce mathematics to the kind of 
consideration exemplified in Skinner’s Verbal Behavior. Moreover, it is 
an increasing conviction of mine that the classsical concepts of behaviourism, 
namely those of stimulus, response and reinforcement, are not, at least in 
their standard formulation, nearly adequate for any complicated behaviour, 
and in particular for the intellectual activity of mathematicians and scientists. 

he extent to which Professor Suppes is moving away from 
behaviourism and the Skinnerian ideas could not be clearer; even 
the title of his paper is an illustration of this. Furthermore, he very 
clearly asserts that ‘intellectual activity’ is, in certain areas, not 
capable of being reduced to components of behaviour described 
SR а BE stimulus, response and reinforcement. The idea of 
intellectual activity apparently takes us back to notions which 
we had exorcised by enclosing them in the ‘black box’; we 
have now reached the time for experiments and the question is 
perhaps due for reconsideration. Professor Suppes says in effect 
that certain mathematical activities cannot be analysed in 
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operational terms. Behavioural analysis, therefore, does not 
successfully account for them, and this is proved by experience: 

The first thing to be noticed in considering the question of what does the 
theory say about the formation of new concepts out of old ones is that 
many details of the learning process are irrelevant. For example, for 
analysis of this problem it is not essential to know whether learning is 
mainly allsor-none or incremental [22]. 

Suppes thus observes that the very nature of mathematical 
concepts cannot always be conveyed exactly in the terms which 
Skinnerian behaviourism imposes. He also picks out another 
shortcoming: 

The second thing to note is that unless the theory has sufficient apparatus 
Jor defining new concepts in terms of old ones, the theory cannot give a 
systematic account of how the new concepts are learned [23]. 

Thus he feels that modes of learning new concepts cannot be 
based on the contents by which former modes were determined. 
But surely, according to the Skinnerian thesis, the old concepts 
are precisely the ones on which one can act to induce the acqui- 
sition of new ones. This idea, then, is questioned and criticized. 
In the last resort, what one wishes to teach in mathematics is 
something other than those parts of the subject which can be reduced 
to patterns of behaviour. A new concept is not acquired only on 
the basis of other concepts which one already possesses. What then 
would be the use of relying solely on the latter to prepare people 
to understand new ones? 

If these comments are fair and well founded, the determination 
of ‘objectives’—the first stage of programming—takes on a 
different meaning. The problem becomes one of defining these 
objectives in terms of ‘psychological’ requirements, and not in 
terms of behavioural ones only. Thus, after noting that traditional 
theories of learning are incapable of affording an understanding of 
mathematical concepts, we find the whole problem of what 
learning should involve presented in a new form. The first task 
is to shed light on the mathematical notions and relations and, at 
the same time, on the processes whereby they are assimilated. 

Suppes shows for instance how the teaching of addition necessari- 
ly brings in the properties of associativity and commutativity. 
But in order to allow for these, the psychological characteristics 
of the process of learning them must also be taken into considera- 
tion. 

This approach is quite different from that of behaviourism: 
the mathematical concepts are acknowledged as part of a reality 
which is not simply the reality of the way they are learnt. On the 
contrary, their ‘bases’ are sought at the level of ‘psychological’ 
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activities. Consequently, the analysis of contents must be considered 
in a different way and must involve new techniques. We have 
not yet reached the point where we can develop these, but they 
are certain to take us inside the ‘black box’. i 

For the time being all this is ‘for information only’. However, 
it is interesting for teachers to have some idea of research in 
progress. A study of documentation on this subject makes a good 
subject for a seminar in which current problems and experiments 
are considered and discussed. The group is certainly the right 
unit in which to gather and give out such information. The 
increased diversity of the experimental and research work which 
programmed instruction is now stimulating makes it impossible 
to give a synoptic picture of what is being done. There is in fact 
so much research and experiment that to catalogue and take 
stock of them have themselves become subjects of research and 
inquiry. 


THE SOVIET SCHOOL 


In the Soviet Union there is a long tradition of research into 
the learning process and the application of such research to 
teaching. From the outset programmed instruction aroused great 
interest among educationists, research workers and officials. 

An expert report [24] has noted the strange similarity of the 
approach adopted by British and American experts on the one 
hand and Soviet experts on the other. Pragmatism prevails. 
However, a few teams have got down to basic research resulting 
in the formulation of theories and the development of new tech- 
niques. The most progress seems to have been made in the project 
undertaken by Professor Landa and his fellow workers. The lack 
of documentation, more specifically translations, means that our 
information on the subject is for the most part late and incomplete. 
Therefore we cannot be sure that any picture we can give of 
such research findings faithfully reflects the state of the art. We 
shall attempt to describe the work done by this team or rather the 
theoretical bases which this work has enabled them to define [25]. 


‹ m 
‘The critique of behaviourism as a theoretical basis of programmed 
instruction’ [26] 


Behaviourism is mainly criticized for ‘proceduralism’ and ‘bio- 
logism?. It is alleged that the *stimulus-response-reinforcement? 
Scheme results in a refusal to consider psychological facts as a spec- 
ific reality. Behaviourist analysis is criticised as *proceduralist? 
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or mechanistic because it converts the results of applying the 
laws of behaviour into fundamental principles: there is some 
effect, and from this the inference is made that behaviour is subject 
to the law of cause and effect as if this explained everything. It is 
‘biologistic’ because the descriptive scheme which it puts forward 
is assumed to represent all the modalities whereby a living being 
adapts to its natural environment.! Behaviourists have forgotten 
that human behaviour, its origins and its characteristics, can be 
grasped only as specifically social facts and that it is therefore not 
legitimate to extrapolate phenomena from the animal kingdom 
to man. 

Expressed in these terms, the criticisms are not really convincing: 
they merely illustrate in the form of general statements, the 
difference between two systems of working hypotheses. To inter- 
pret them from an epistemological point of view will be hardly 
more illuminating until we know the kind of methods or techniques 
used in the search for reliable arguments. 


The basic notions of learning 


In the first place, these notions stress the importance to be given 
to 'internal psychological mechanisms'. When the pupil is given 
a problem to solve, he may arrive at the right result, which 
constitutes the ‘correct final behaviour’. But the pupil may have 
arrived at this result by chance, by feeling his way, by using 
a lucky analogy, or methodically (and even then there are some- 
times several methodical ways of arriving at the same result). 
Conversely, the pupil sometimes shows himself capable of finding 
the solution to some problem methodically, and yet incapable of 
finding the answer to some other, similar problem. The mere test 
of final behaviour is insufficient to explain such phenomena. 
Therefore it cannot provide us with the means of avoiding them 
or causing them. If so, it is inappropriate and dangerous to set 
instructions for the aim of obtaining specific final patterns of 
behaviour. On the contrary, what we should try to programme 
are the methods or operations by which such behaviour is achieved. 
Therefore attention is concentrated on what N. L. Landa calls 
the ‘internal mechanisms’ of mental activity. This implies a 
shift in the aims of instruction: these are now determined by the 
relationships existing between such mechanisms [25]. 


1. The few sources which we were able to consult (articles, books and bibliographies) seem to 
indicate that Soviet scientists are as badly informed of behaviourist work as we are of theirs 
This is borne out by comparing the critique of B. F. Talysina [26] with the book by M. Richelle 
entitled Le Conditionnement Opérant [27]. 
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This is the key problem facing the teacher and the writer of the teaching 
programme: his concern is not so much to induce and fix specific manifestations 
of some given behaviour, but also and above all to bring into being precise 
mechanisms, sufficiently generalized and reliable, which are capable of 
producing such behaviour whenever required [25]. 

In order to describe and bring into being such exact, general 
and effective mechanisms, these will be expressed in the form of 
‘algorithms’. 

Algorithms are descriptive working models of the solution of 
specific problems. ‘Descriptive’ because they make explicit the 
methods, choices and criteria to be taken into account in order to 
arrive at the solution of a given problem; ‘working’ because, 
once made explicit, they become instruments for discovering the 
solution. 

When the word algorithm is used in this way, it has not quite 
the same sense as that given it by mathematicians or data-process- 
ing experts, though it owes a lot to them. For mathematicians, 
an algorithm is defined thus: 

By algorithm is meant a precise instruction to carry out in a specified 
order certain related systems of operations for the solution of all the problems 
of a given type [28, p. 5]. 

oss In mathematics, a series of problems has been solved when an 
algorithm has been set up for the solution of each problem in the series 
[28, p. 9]. 

Data-processing experts, on the other hand, give the following 
definition of the word: 

By algorithm is meant a plan for analysing a function, developed in 
the form of a succession of elementary operations, each taken from a 
fixed set [29]. 

Landa and his fellow workers use the same word to describe 
à series of intellectual operations linked together in a manner 
Which depends on the material to be dealt with and the decisions 
to be taken. Thus the elementary operations of the data-processing 
expert or his mathematical colleague are equated, in Landa's 
definition, with the steps which constitute the elementary opera- 
tons of problem-solving. Table 4 gives as an example the general 
algorithm for recognizing a Russian sentence and, more precisely, 
for identifying whether it is a simple or compound sentence. 
Although this is a simple example, it does show that there are 
Several reasons for calling a sentence a simple or compound 
Sentence, without counting the spurious reasons, which the 
table does not show. ё 
M des teach pupils how to make this distinction? This en 

У instructing them in the algorithm shown here. Let 


139 


aouaquas 21 dung aguaquas рипофшогу 
:uorsnpouor) :uorsn[ouor) 
oN Sor 


22u2juos oy} 

jo uomo? əy} ut poA[oAur 

aguaquas рипофшо? are o[dood үеләлә$ 
:uornpouor) ләфзәцм IUU 

oN SOA 

rend uosiod-parg əy} ш 

Sq19A әле sojeorpoid ou це ләцзәцм JUTU 


ON 


* 


Sq194 uos1od-puooos 10 

-1s1] әле sojeorpoud 

om [е 129^ ouruioo(q ‘€ 
sojvorpoid əy} це purp ‘с 


aouaquas 21dwuig 
uoisnpuop 


SOA 


aouojuas рипофшогу 
uoisnpouor) 


ON 


22uojuas 2j dui 

uoisn[ouor) 

SOA 

yafqns oures əy} 

pue 2uo оз A[ddv sayvorpaid 
эч e 1:]29u^ oumuioo(q E 
soyeorpaad əy} [pg рш ‘à 

ON SOA 


yoafqns e st əə jroog ‘1 


:3snu am *o2uojuos Jo od& oq oururzojop оў 1op1o UT 


éS1uonjnsuoo penba 
YMA 22u9juos o[durrs v 10 эоиозиәѕ рипойшо v у SI 


шәдолд 


Techniques for elaborating programmed courses 


(uvissny ш) 22uojuos e jo UONTUSOIII oq 10у unpuoSpy °F aav, 


140 


Techniques for elaborating programmed courses 


us consider this assertion for a moment in order to see what it 
means for the teacher. First, the teacher must set up the algo- 
rithm or algorithms of the activity he wishes to form; but if he is 
to be quite certain of achieving this, this algorithm will have to be 
taught to the pupils. The object is no longer simply to arrive at the 
correct results; it is first and foremost to train pupils in the operations 
which produce these results. 


Remark. The idea of including the learning of such algorithms 
among the aims of instruction often appeases those opponents of 
programmed instruction who accuse it of paralysing creativity, in 
the sense that it communicates only accepted solutions. It may be 
argued then, that if we teach methods rather than solutions, we 
are at last making room for creativity. Readers of Descartes see the 
contrast here in terms of an ‘analytic’ development which, whether 
linear or branching, excludes any inventiveness, and its replace- 
ment by a ‘synthetic’ development which gives scope to the creative 
spirit. The criticism is usually directed against the techniques we 
have called traditional, but it also arises with regard to the ‘new’ 
techniques. In this way an analogy is even drawn between our 
methods’ highly detailed spelling-out of the content (by seeking 
the elementary units of information) and the Cartesian idea of 
secking simple ideas; and on this basis the claim is made that 
programmed instruction is putting into practice in teaching the 
ideals of the Discourse on Method. Nothing could be further from the 
truth! 

The Discourse on Method teaches us how to ‘conduct our thoughts 
aright’. But this does not mean conducting them in the attempt to 
reconstitute a train of thought which has already been worked out, 
as when we repeat the proof of Pythagoras’ theorem. Descartes 
set himself no smaller task than the reconstruction of the whole 
edifice of knowledge on the basis of reason. His method, then, 
is directed not only towards a re-examination of the store of 
knowledge which has been built up, but also towards orienting 
new research; it is thus intended as a method of discovery. The 
second rule of method defines ‘analysis’ as follows: 

- . . divide each of the difficulties which I was considering into as many 
parts as was possible and necessary in order the more readily to solve them. 

If we take this rule literally as it is formulated, we might be 
tempted to think that this is what programming attempts to do 
when it ‘organizes the subject-matter in logical order’, or ‘analyses 
the contents”. This is a complete misinterpretation. The search for 
elementary units of information is intended to discover what is simple 
for the pupil; but the search is carried out by the programmer 
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in order to spare the pupil the effort of this analysis. In fact 

what the pupil is asked to learn is a mere exposition of the ‘syn- 

thesis’. Indeed, the fourth rule on which Descartes decided was: 
. everywhere to carry out such complete enumerations and general 
reviews that I could be sure nothing had been omitted. 

This is exactly what we advise should be done after the analysis 
of contents. In other words, this work is not given to the pupil; 
instead, he receives a ready-made ‘synthesis’. The reference to 
Descartes, then, is a complete mistake in historical terms and the 
man who suffers most is Descartes himself, since his authority is 
invoked to justify procedures which he criticized before putting 
forward his rules on method. 

The invention of solutions is the job of the programmer himself. 
All the pupils learn is a range of ready-made strategies by which 
such solutions can be found. In other words, they do not do the 
work of analysis (in the Cartesian sense): what they are taught is 
the synthesis already achieved. This is apparently what Landa 
and his team are attacking: 

The aim of teaching algorithms should be, inter alia, to introduce pupils 
to algorithms and other common, sufficiently general processes of ratiocination 
or other intellectual activity applicable to a variety of scientific subjects and 
fields [30]. 

On the basis of these aims, programming is set the following 
targets: 

To formulate the algorithms of the pupil’s intellectual activity for 
a given subject; these should be expressed in terms of ‘common, 
sufficiently general processes of ratiocination . etes? 

Since for any particular subject, it is possible for pupils to act on 
algorithms which are non-specific, not general enough or 
inconsistent, these should be traced and subsequently corrected. 

To check that, allowing for the forms of the pupils’ intellectual 
activity, the instruction they receive adapts the ‘normative’ 
(theoretical) algorithms which they are to be taught to those 
they use in practice. 


The stages of programming 


These comprise, first, ‘discovering the internal structures of the 
mechanisms of thought, and describing these in the form of algo- 
rithms’ . . . ‘Presenting them in the form of models, will in itself 
provide a guiding thread} running through the teaching . . .' [go]. 

The first task, then, has the effect of spelling out the intellectual 


1. Author's italics, 
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operations required for the solution of specific categories of 
problem. This is content analysis of exactly the same type as that 
used in the traditional techniques. Therefore, during the process 
of analysis the same difficulties mentioned in connexion with the 
latter group of techniques can be expected to arise: the reactions 
motivated by over-all attitudes are more than likely to crop up 
here in similar guise. To meet them, however, stress should be 
laid on the specific aspects of the content analysis which we now 
wish to undertake. Let us take a famous example which has led 
many new programmers astray: the agreement of the past parti- 
ciple in French. It is perfectly feasible to teach the relevant rules 
one by one and stage by stage, but the pupil faced with a given 
case calling for such agreement is in a special situation. It is not 
enough that he should know the rule which applies for us to be 
sure that he will use it correctly; he might also apply it in cases 
where it is not appropriate. We shall have established that he 
knows how to make agreements if, faced with any instance of the 
problem, he can find the right rule. Therefore he must master 
all the rules, that is, have at his command criteria which he can 
use to discover, with the minimum number of operations, the rule 
which applies. Consequently the aim of instruction is to teach 
the whole of the algorithm describing the operations to be carried 
out, the order in which they should be effected, and the criteria 
to be applied. The description of objectives, of the type of intellec- 
tual activity to be taught, thus merges with the analysis of the 
contents of teaching. 

. How can the model of the activity in question be expressed 
in the form of an algorithm? We should first point out that an 
algorithm is a ‘representation of the internal structures of the 
mechanisms of thought? [30]. Each of the branches (see example 
above) corresponds to a choice to be made on the basis of a 
criterion or condition. If the condition is fulfilled, a check is made 
9n whether the next is fulfilled, and so forth. Scanning for whether 
а condition is or is not fulfilled constitutes an operation, an ‘intellec- 
tual mechanism’, This is why the algorithm develops in the 
diagram like a tree with bifurcating branches: each operation is 
à choice between two alternatives (Fig. 30). 

Let us imagine we are dealing with this problem of the French 
Past participle. The first question to be asked is whether it is 
Tr dugated with the auxiliary ёте: the answer must be yes or no. 

yes, the next question may be: Is there a direct object? And so on. 

Very question involves a criterion by which a choice is made, 


апа according to the reply chosen, leads on to the application 
of some other criterion, 
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CI = Conclusion 


Fic. 30. 


In each case, a number of criteria must be tested before one 
can conclude that the condition in question is fulfilled. Whenever 
a condition is fulfilled, it represents a ‘characteristic of the object’. 
Let us assume that the applicable rule is rule A for participial 
agreement. In this case we have to put questions 1 and 2 and end 
up at A (see Fig. 30).! To reach that point, we shall have had to 
check for the presence of characteristics a and b; we then write out 
the participle with the appropriate ending. That is the final act, 
called R. We can see that both a and b are required if action R(A) 
is to be adequate. 


1. Author's note: Figure 30 obviously does not represent the algorithm for agreement of the 
French past Participle. 
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By using a logical operator meaning ‘both’ and written ‘&’ 
this action can be expressed by the formula: 


a & b + R(A) 


which may be read as follows: 

‘If one has both a and b, then опе must carry out operation 
R(A).* 

In each case, it is possible to set down a similar formula, expressed 
as one set of circumstances entailing another. It is then possible 
to summarize in a single formula the full set of actions R(x) which 
the algorithm comprises, together with the characteristics to be 
taken into consideration. This formula may for instance look like 
this: 


aVbVeVdVeVfVgVh=R. 


The symbol V represents a variable which can be replaced by 
either & (‘and’: both . . . and) or V (‘or’: either the one or the 
other, or both). 

Before we can set down such a complete formula, two operations 
will have to have been carried out: (a) identifying the criteria or 
Characteristics of the objects which will guide the actions; (b) 
putting them in order. 


The identification of characteristics. There are no norms here either; 
and we are in the uncomfortable situation of seeking criteria in 
a systematic way, without having available any prior criteria 
to enable us to proceed scientifically. We therefore have to feel 
our way and consider the subject selected, trying to spell out the 
actions by means of which we can go straight to the solution. It is 
the job of the teacher to express clearly the rules of participial 
agreement point by point, and how he goes about it. The only 
guidance we have is provided by the actions which we wish to see 
the pupils carry out; these are in fact the actions which we ourselves 
carry out without always distinguishing them clearly. Spelling 
them out again requires group work, the best remedy against 
any uncertainty there might be about methods. 


Once the criteria or the characteristics have been enumerated, the 
actions which apply to them must be put in order. This ordering has 
ieveral purposes: to put them in some kind of order, certainly, 

ut also to find the ‘economical’ order. Indeed, once the criteria 
to € applied have been chosen, it is possible that more than one 
ordering will account for the processes which they control. Since 
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some of these comprise more operations than others, we have to 
find the most economical. 


Remark. It is worth stressing this concern with the economy of 
means. Landa draws attention to the immense waste of intellectual 
energy entailed by the repetition of useless operations in the 
solution of everyday problems. The cause is the use of over- 
complicated algorithms; but the responsibility for this falls on 
those who allow them to take root without checking them. In 
the last resort, Landa wishes to concentrate on learning the 
fundamental mechanisms of intellectual activity, i.e. the formation 
of logical operations (cf. Talysina, Halperin and others). 


Landa has proposed a whole series of techniques, based on 
cybernetic data, for ordering the operations. Their underlying 
principle is as follows: if I have to find out something and a 
number of operations are necessary for me to do so, I shall get on 
more quickly if each operation eliminates the largest possible 
number of unknowns. A pupil faced with a problem is in the 
same situation. And the programmer who is going to help him 
solve it must ‘weigh’ (or *weight") each operation involved. The 
goal is reached more or less directly according to the order in 
which the operations have been linked together in the algorithms. 
The principle of economic ordering is thus immediately apparent: 
those pieces of information which eliminate the largest proportion 
of what is unknown must be put first. Criterion a, say, yields more 
information than criterion 5; however, placed elsewhere in a 
whole list of criteria, a may yield less placed before b, c and d 
than after b and before c and d. 

It can immediately be seen that the choice of the initial question 
has definite consequences for what follows. The amount of infor- 
mation yielded by a criterion depends on its position relative to 
the others. Landa thought this could be measured by employing 
procedures suggested by information theory [31]. Such procedures 
however, are relatively complex and unwieldy. Although research 
is being done on them, they do not yet lend themselves to system- 
atic application. 

The second stage in programming is more original and breaks 
new ground. It consists of an inquiry into the mistakes or errors 
regularly made by pupils in the process of learning a given 
subject-matter. For this purpose, pupils making these mistakes are 
asked to complete a questionnaire; the questions are framed so 
as to identify the criteria on which they have based their answers. 
Several explanations are possible: perhaps the criteria have not 
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been understood, or possibly others have been used which are 
inadequate for the purpose. It is this second case with which we 
are concerned. Taking one of Landa’s examples, let us assume that 
the correct action is described by the following formula: 


а& Б &с => А. 


If some pupils also regard criterion d as relevant to solution of 
the problem, their answers will take it into account; and the 
action which these answers constitute should be described by a 
formula in which d appears. We thus possess the basic elements 
enabling us to list all possible mistakes. These elements are: the 
absence of one or several criteria (denoted by a line placed thus: 
а or D); and the use of irrelevant criteria d. We are then in a 
position to list all possible combinations: 


a 5. dvd abcd 
a bcd x depu 
a bcd Me ten 
ONE: abcd 


With л criteria, there are 2" combinations. Of these, some are 
absurd: a b c d, for example, is meaningless. These meaningless 
combinations can be eliminated, since they correspond to mistakes 
Which are never made. The remaining combinations represent 
the possible mistakes. That is not to say, of course, that they all 
occur. A questionnaire (a test) is drawn up to check and identify 
the mistakes that actually occur. 

This process leaves us with a list of mistakes actually made, 
together with their characteristics. The following formula can be 


used to show all the actions carried out by pupils on the given 
subject: 


abcVabcdVabeV...>A. 


The above formula is a condensed representation of all the actions 
(and the criteria governing them) which produce behaviour of 
type A in the pupils, 

i Considerable importance is attached to searching for and 
identifying mistakes, Programming is not used merely as an aid to 
carning, but also to identify and correct mistakes: in the author’s 


ae it has a therapeutic role. How does a lesson fulfil these two 
‘oles ? 
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The elaboration of the programmed lesson 


The principles involved are simple. The lesson must present 
information and determine for each pupil the intellectual mecha- 
nisms guiding him during the learning process, To be more 
precise, the formula governing his actions has to be identified: 
it might, for example, be a bc dor ab c. The purpose of the exercises 
presented in the sequence is to identify the formula representing 
his intellectual activity. The exercises are thus used for two 
purposes: first, to provoke a certain activity in relation to the 
information supplied, and then to check the nature of the activity, 
i.e. the criteria that direct it. Once the type of activity in question 
is recognized, therapy can be used. If, for example, the pupil's 
behaviour corresponds to the formula a F c d, we would then 
know that it is criterion b which he has overlooked and which 
he must learn; and, similarly, that the irrelevant criterion d must 
be dropped. Following this diagnostic, he is taught the correct 
algorithm represented by the standard formula: а & b & c. This can 
be equally well expressed by a diagram similar to that used in 
Figure 30. 

In form, the lesson resembles a branching programme. Professor 
Landa points out that many of the preparatory operations (such 
as deriving and analysing the formulae) can be performed bya 
computer. This ability to automate the error-spotting and teaching 
functions seems to him to promise spectacular developments, 


CONCLUSIONS 


The spirit in which Landa and his Soviet colleagues are carrying 
out their research work demonstrates their concern for the study of 
intellectual and cognitive processes. The relationships which they 
establish between the structures of logic and psychological mecha- 
nisms are characteristic of the non-behaviourist influence currently 
prevalent in programmed instruction. In the realm of applications 
and techniques, work still remains to be done; however, the results 
of the experiments that have been carried out seem particularly 
fruitful. Accordingly, while referring to the principles underlying 
the current attempt to improve techniques, we have laid less 
emphasis on the techniques themselves, 

This section has presented certain lines of research in regard 
to the new techniques, There are many other approaches, but they 
are difficult to classify since the research in question is still under 
way. It is, however noticeable that all these approaches have 
а common preoccupation with increasing our knowledge of the 
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learning processes and with developing teaching instruments 
better adapted to the pupil’s needs. However, with the exception 
of some infrequent efforts, it must be said that epistemological 
considerations are still treated as either secondary or superfluous. 1 

The problems raised by the methodology of programming 
techniques (whether traditional or new) do, however, demonstrate 
the importance of such considerations. If the language employed 
to convey those notions already analysed risks distorting the 
message—if, for example, it conveys unintentional connotations— 
the experimental results will be difficult to interpret. But the most 
serious error would be to continue to rely on techniques simply 
because no attention has been paid to those factors which the 
techniques do not take into consideration. For the purpose of 
Preparing teachers to give epistemological questions due consider- 
ation, it is preferable to present teachers with a critical review 
of outstanding problems. The experience of instructors shows 
that teachers are grateful to them for this and that many initial 
over-reactions are thereby avoided. 

It could be argued that up till now the advantages of program- 
med instruction appear to concern mainly student teachers and 
research workers. But what about the pupils? And what of the 
application of programmed instruction in school? Such an 
objection is valid, but only up to a certain point. It is highly 
unlikely that teachers who were ill informed could write good 
programmes—in which case the pupils would be the first to suffer. 
It is therefore essential that teachers should be well informed. 
And if, in the process, they can get an insight into the problems 
on which the research workers are engaged, all the better, since 
this will make it possible to initiate a dialogue between the two. 
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CHAPTER IV 


PROGRAMMED INSTRUCTION 
IN CLASS AND SCHOOL 


We have examined some programming techniques and considered 
their shortcomings. With the sequences ready, evaluated, and 
validated, the time has come to use them in the class-room. There 
are other problems to be solved which require another type of 
programming, since their elements no longer relate solely to the 
field of programmed instruction, namely the large-scale use of 
tested sequences. 

At this point we meet the problems which arise when a formal- 
ized educational system is made to absorb a technology which 
is bound to disrupt it. It is true that programmed instruction 
cannot be used in schools without the organization of work, time- 
tables and methods being affected. While the theories and tech- 
niques of programmed instruction are an inestimable asset in 
teacher training, the benefits of this technology in the class-room 
are as yet untapped. Having recognized that it can be used as 
a means for training teachers, the latter must be shown how their 
pupils in turn can benefit. 

Programmed instruction is a boon to teachers, and the extent 
to which it can help in their training has been indicated. How can 
pupils make use of this technology? As already emphasized, 
syllabuses, methods, time-tables have all been turned upside- 
down for the sake of a single sequence. If we wish to generalize the 
use of programmed instruction, whether for a single subject or 
for several, we must ask ourselves what will be the likely impli- 
cations. 

The introduction of programmed courses into an established 
educational framework raises questions which must not be 
neglected. It is because their importance has been disregarded 
that many experiments have been short-lived and that many 
others have been unable to extend beyond a few experimental 
classes. If a large-scale use of programmed instruction is envisaged 
—and only then does it become economic—thought should be 
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given in advance to the type of organization and the means 
necessary to launch the operation. 

The organization involves syllabuses, and also methods, 
allocation of work, etc. The means are obviously the devices or 
aids, but they also include the teams of programmers, and the 
training to be given to them and to the teachers concerned, and 
so on. All this must be considered when it is decided to use pro- 
grammed courses in the class-room. 


THE ORGANIZATION OF TEACHING 


It has been emphasized on several occasions that the use of 
programming techniques tends to induce or to renew criticism of 
the syllabuses, i.e. of the curriculum, to such an extent that it may 
be appropriate to use programming with this end in view. However, 
this does not necessarily mean that discussions lead to constructive 
ideas; we have pointed out the dangers, the digressions, the 
tendency to be satisfied with purely general criticism. 

Discipline is needed, and since we cannot provide any method 
for this, we have put forward hints, advice or recommendations 
which experience has shown will make it easier to tackle the 
problems concerned. To the extent that this is achieved, the 
practice of programming is a valuable training outside its imme- 
diate field. But it is not for the purpose of seizing upon any argu- 
ment in favour of such training that we suggest using programmed 
instruction to clarify teaching problems. If the practical application 
of programmed instruction is really desired, this property becomes 
a determining factor. 


THE CURRIGULUM 


The curriculum need not be turned upside-down if only one or two 
Sequences are used. They can perfectly well be introduced into 
a course without giving rise to any desire for reform. If, on the 
other hand, programmed instruction is to be used systematically, 
then „Syllabuses may need to be revised. Before discussing this, 
certain comments seem called for. В 

In countries in which syllabuses are drawn up at a national 
level (eg. in France), the trial introduction of programmed 
Instruction has frequently only involved a few lessons, or a few 
€xperimental Sequences. To turn these to best account, the 
theme has been chosen from the syllabuses in relation to its 
difficulty. Its scope, its content and even its use have been so 
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planned that the programmed course will fit into the normal 
syllabus without disrupting it in any way. In other words, the 
conception and the use of programmed instruction has been made 
subject to the framework, the demands and the norms of traditional 
teaching. This timidity of approach in what are mere experiments 
has frequently hindered discussion of the real problems raised by 
large-scale introduction. М 

It would, in our opinion, be of little use to train teachers in this 
new technology without also advising them of the very real 
problems they will meet in putting it into practice. 

For purposes of experiment we can always manage with the 
existing frameworks and structures; but if we want to go further 
than this, how are we to conceive a generalized use of the techno- 
logy of programmed instruction? 

Let us suppose we wish to ‘programme’ mathematics teaching 
for children aged from 11 to 12 years. The whole course must be 
planned because the scope of what is involved in programming 
excludes in practical terms any preparation as one goes along. 
The various stages must therefore be decided in detail well before 
the sequences are introduced into the class-room. A choice of 
approach will also have been made, as between ‘new’ and tradi- 
tional mathematics, or as between normative, functional and 
descriptive grammar and so on. 

No one can fail to realize that these choices are vital and that 
they must be made in relation to educational aims which no 
teaching technology is qualified to define. Conversely, recourse 
to any teaching technology implies that these choices have been 
made. These decisions no longer come within the exclusive 
province of teachers, teacher-educators, or research workers: they 
are a matter of policy in which the education authorities play a 
decisive and possibly unaccustomed role. Although their respon- 
sibilities may demand a great sense of what is practicable and the 
ability to innovate (without destroying) long-established educa- 
tional structures, they are here faced with the need to make a 
clean sweep. And to do things by halves and innovate in small 
doses, is to court disaster. There seems then little further need 
to stress the significance of any plan for renewing teaching methods 
which involves programmed instruction. 

Curriculum reform and a decision on approach and aims are 
necessary before programming can be coherently planned. Yet 
programming also plays a part in arriving at these decisions. 
To a certain degree we are in a vicious circle. But it reflects the 
fact that these techniques must be tried out (this is as true for 
programmed instruction as it is for audio-visual aids) to discover 
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the best ways of using them. This practical experience often 
helps to provide more precise definitions of aims which had 
previously been expressed in abstractions and generalizations. 
Once this has been done, it is possible to decide if these means are 
suitable for achieving these aims. Such a remark may be unoriginal 
but we cannot really accept the endless repetition of unoriginal 
experiments, in which programmed instruction is set aims for 
which it was never intended, simply because other means have 
been found or because its potential was unknown. 

Another question which keeps recurring is whether or not 
everything must be ‘programmed’. In other words, are all aspects 
of all subjects to be included? The question always arises immedia- 
tely programmed instruction is encountered. Replies are generally 
as varied as they are evasive; all betray embarrassment. But those 
who put the question have different considerations at the back of 
their minds from those who find difficulty in replying to it. The for- 
mer, faced with the prospect of renewal of their teaching methods, 
are thinking of the whole artistic sector, which in their opinion, defies 
explanation (‘How can appreciation of a Shakespeare sonnet be 
programmed ?’); the latter are reflecting on the shortcomings of 
programming techniques. 

Yet there have been several large-scale experiments in which 
the teaching of a whole subject has been boldly entrusted to pro- 
grammed courses alone, the teachers confining themselves to 
distributing and collecting them. : 

To teach a subject by using a programmed course alone is 
obviously utter nonsense. No doubt it is a means of ‘economizing” 
on teachers and of meeting grave shortages. But to imagine that 
this provides good teaching is untenable. One has only to reflect 
upon what is involved in learning any subject to realize that it is 
quite impossible to standardize it. By temporarily meeting the 
teacher shortage in this way, we are not really preparing to meet 
future requirements. Rather than regenerating teaching, we are 1n 
danger of systematically imposing particular teaching traditions 
on a large scale. In developing countries, where progress 1S In part 
conditional on intellectual investment, it would be wrong to 
Consider using educational technology in this way; though in the 
short term this solution may appear attractive since it provides 
tuition for students at a time when teachers are in short supply. 
Another point that should be borne in mind is that when this 
Solution is chosen, the material used in the programmed courses 
15 almost inevitably the most traditional! j . 
е. s should not try to programme everything. Wes а 

rises of how to choose what can be programmed anc how 
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teach what cannot. Certainly it is as easy to refute the first solution 
as it is hard to find another solution which can be justified by 
proven criteria. The theories and techniques of programming are 
not sufficiently advanced to take into account the specific character- 
istics of the different subjects to be taught or what is involved in 
learning their particular concepts. In the absence of any clearly 
defined methodology for each subject it is inadvisable to prescribe 
a single method based on current all-purpose techniques. Caution 
alone can dictate the choice of subjects or units to be programmed. 
In general, subjects which can be well structured and which 
require mechanical or repetitive activity seem initially to be the 
most suitable for programming. As a means of distinguishing 
them, these criteria leave a good deal to be desired. However, 
there are no others: in other words, syllabuses must be closely 
studied before it is possible to define which parts will be pro- 
grammed. 

One last important remark is called for, Once a decision has been 
taken as to which parts of the syllabus (or Syllabuses) are to be 
programmed and these have been organized, they will have to be 
inserted in a course, other parts of which will be taught by other 
methods and other means. The problem that then arises is of 


programmed courses. 

The next step is to determine precisely the approach to each 
of the subjects chosen, i.e. the general outline of the syllabus, 
the methodology and the aims in mind (‘traditional’ as against 
modern’ mathematics, for example). The choice cannot be made 
without obtaining the opinion and the agreement of the education- 
al authorities. This is only seemingly restrictive, obliging as it does 
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those responsible for the choice to look beyond their own limited 
field of experience, and consider the repercussions on a much 
larger number of students. 

The introduction of programmed instruction does not necessar- 
ily bring with it a complete reform of school syllabuses. On the 
one hand, it is possible to visualize a new technology solving the 
problems of supply and demand without in any way altering the 
syllabuses or the methods. Experience confirms that this can be 
achieved, although it also shows that this type of teaching is often 
more costly than recourse to traditional methods! On the other 
hand, some effect on syllabuses is inevitable if one wants to make 
full use of the resources of this technology. To talk in terms of 
completely reshaping syllabuses would in fact be an exaggeration; 
In any case it would be impossible to achieve straight off. But the 
Progressive introduction of technology certainly demands more 
rigorous planning. 

What one must therefore be able to do is put forward a plan for 
‘developing the use of new educational techniques’. Syllabuses 
are but one of many elements in such a plan. And if the course is 
designed for pupils g to 11 years old (cours moyen), due consideration 
must obviously be given to the course they will follow the next year 
and which must be a continuation of what they have learnt. 
The syllabus must therefore include the programmed course 
in such a way as to avoid causing a break in a continuing educa- 
tional process, 

. Apart from determining the approach, the preparatory work 
includes working out a plan which lays down the content and 
Progression of what is to be taught. It may be feared that in desir- 
ing to plan the successive stages of teaching in this way one is 
being very rigid and imposing a constricting framework. Yet if this 
1$ not done, the opposite fault occurs: questions which have not 
been considered beforehand are met in mid-stream, and one is 
always tempted to go right back to the beginning. But even if one 
15 no longer satisfied with these programmed courses, one still has 
them and has got to use them; the resulting malaise is not conducive 
to continuance of the work. For this reason, prior studies and 
Срна relating to the syllabuses deserve most careful considera- 
ion, 

This has been attempted in the Unesco project for the develop- 
ment of programmed instruction in four French-speaking countries 
of Central Africa. Documents summarizing this preparatory work 
will accompany the sequences which teachers are to use with 
their classes Е. 7 

A first list of sequences can then be established. This consists in: 
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(a) isolating those parts of the syllabus to be programmed ; (b) 
deciding the approximate number of sequences required for each. 
But this task is already to a large extent in the province of the team 
of programmers rather than that of educational specialists or 
administrators. | 

Once this has been done, the team of programmers is able to 
get down to work, prepare the necessary sequences for each subj ect 
and try them out. But this will give rise to some very tricky 
problems in relation to the methods to be used. 


CLASS-ROOM METHODS 


The term ‘method’ is ambiguous in itself: it may mean directions 
for use, the alternation of programmed and unprogrammed 
lessons, new time-table arrangements for students and teachers, 
different types of activities or the atmosphere in which these 
activities take place, etc. All these elements are more or less 
closely involved. They will be discussed in an arbitrary order, that 
of the effects, in the full knowledge that the respective priorities 
are open to question. But that is not important since, once all the 
effects are manifest, the various elements fall into their own order 


of priority depending on criteria or factors which cannot always 
be foreseen. 


Primary effects 


These effects derive mainly from two characteristics: the program- 
med course does not cover all the teaching of a subject; and the 
students do not all progress at the same speed. 

The programmed course consists of sequences spread at intervals 
over a whole year’s teaching of a subject. Programmed lessons 
alternate with other lessons for the students (Fig. 31). 

The programmed and unprogrammed lessons must be so 
co-ordinated as to ensure continuity in the learning process. The 
programmed sequence has already been explained. 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 


A Programmed lessons L1 Other lessons 


Fic. 31. Lessons. 
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A. Programmed instruction B. Unprogrammed instruction 


Practical exercises 


Additional coaching 


Programmed sequences | Unprogrammed lessons 


Fic. 32. 


As for the other lessons, they may serve several purposes: (a) to 
apply in practice what has been learnt; (b) to help students who 
are experiencing difficulty; (c) to cover parts of the syllabus which 
it was considered could not be programmed (Fig. 32). 

In fact, the intervals between programmed lessons would be 
suitable for all these purposes. Only certain students need addition- 
a coaching; the others can get on to the following unprogrammed 
esson. 

It will be seen that working with programmed lessons means that 
each student or each group of students is treated differently before 
going on to the following lesson. This being so, the process of 
splitting up the class goes on beyond the sequence which is being 
studied, and it is important to decide in advance how far one feels 
able to go in this respect. It is difficult to give each individual 
student the exercises or extra coaching he needs, so one is led to 
establish groups to prevent teachers and programmers being 
burdened with too many separate tasks. This entails laying down 
a procedure and criteria for establishing groups, after tests have 
been given at predetermined intervals. 

A very simple example is provided on the next two pages, which 
shows the distribution of programmed lessons for four subjects in 
the Central African project: the blank spaces denote either practical 
exercises, supplementary coaching or new lessons. A more detailed 
plan would obviously have to specify the action taken by the teacher 
in each case and be accompanied by documents explaining its 
nature and purpose. In this connexion questionnaires and final 
tests take on a very important role! The table would, of course, 
then be much more complicated, and another difficulty would 
become apparent: that of the relation between the teaching of 
different subjects. 

The figure shows the apportionment of programmed lessons for 
four subjects week by week, But in the course of one and the same 
week, re-apportionment is necessary since it is unthinkable that 
the same students should in succession study a sequence of 
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mathematics, one of geography, one of grammar. The weekly time- 
table must be worked out taking into account the effort expected 
from the students. The ideal would of course be to present them 
with a sort of self-service arrangement. That stage has not yet been 
reached for all sorts of reasons. It is still indispensable to plan the 
teaching of all subjects as a whole: this is the basis of what is 
called ‘multidisciplinary’ teaching. For the time-table this 
involves allocating the time spent on programmed lessons and 
on other lessons. Some will say that this task devolves on the 
administration since, in post-primary education, it is responsible 
for drawing up the teachers’ time-tables. In the primary schools 
this often falls on the teacher alone. In both situations, although 
they are very different in relation to the pupils, programmed 
lessons must be planned and allocated in a similar over-all way 
for all teachers or on a basis to be worked out together. The reason 
for this has already been mentioned: it is at present impossible 
to think of using programmed instruction in a way which will 
satisfy the individual requirements of each teacher and yet be 
efficient. However unfortunate this may seem to a teacher- 
educator, the facts cannot be ignored. 

Thus the number of pupils concerned must be known, and the 
teachers responsible must plan their work relatively rigidly. 
Teachers, therefore, will find themselves obliged to carry out 
tasks which they have not defined themselves. This will change 
little in the normal run of things except that they will be asked 
to keep to a time-table which they have shared in drawing up. 
No one will be surprised to know that this gives rise to controversy. 
It should merely be noted that the more individualized teaching 
becomes, the greater the inflexibility required in organizing 
teachers’ work. No doubt this is merely a temporary phenomenon, 
but it is certainly trying. However, it paves the way for passing to 
the next stage, and, in any case, no other way. By *passing to the 
next stage', we mean that pupils who are better taught take a 
burden off their teachers, leaving them greater opportunities for 
seeing to individual needs. 

This aspect must not be under-estimated in preparing the 
launching of programmed instruction on a large scale. It is well 
known that it is pointless to try and impose a technology or new 
methods on teachers; repeated failures are sufficient proof. The 
results would be as bad if they were obliged to follow a detailed 
weekly schedule to the letter, without any explanation of the 
reasons, the aims and other determining considerations. If it is 
hoped to use programmed instruction and such problems are 
brought to light it is pointless to think in terms of half-measures. 
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When considering the possible uses of programmed instruction 
in relation to other teaching methods, a question arises which 
is the source of much controversy and leads to many misunder- 
standings. This is the problem of the relationship between audio- 
visual aids and programmed instruction. Whether they are taken 
as a single field or seen as two separate fields, there are frequently 


: heated discussions based on semantic disagreements. Those in 


favour of holding them apart claim that programmed instruction 
‘individualizes’ what is to be taught, whereas AV (audio-visual 
aids) provide ‘mass’ dissemination. Those in favour of wedding 
them emphasize that the one depends on the other, AV on 
programmed instruction or programmed instruction on AV, as 
the case may be. Those who support programmed instruction 
maintain that educational technology calls for a general program- 
ming technique of which it alone offers models; those who support 
audio-visual aids observe that all the means used by programmed 
instruction derive from AV, so that programming contributes 
only to organize the use of these means, To attempt to wed the 
two on this basis is liable to be as long and as tortuous a process 
as a law suit in the Middle Ages [2]. 

At present it is hard to see what kind of hybrid their union 
might produce. In short, it is impossible to choose between the 
suggested answers for want of a working definition of educational 
technology. However, it is possible to clarify certain ambiguities 
and to avoid certain misunderstandings. 

The misunderstandings are due to several causes which stem 

especially from the teaching functions ascribed to audio-visual 
aids and which it would serve no purpose to consider here. Should 
the need arise, teacher-educators can readily invoke common- 
sense principles in regard to the two techniques, which are still 
Separate as far as terminology is concerned. 
, Programmed instruction has certain characteristics of its own: 
individual learning, the automation of learning, and built-in 
testing. These three characteristics are specific to programmed 
instruction in the sense that they guide programmers at all stages 
of their work. They do not come into play in compiling audio- 
visual material. On the other hand it is obvious that many audio- 
visual aids can be incorporated into a programmed course: slides, 
film-strips, tape-recordings, video-tape, etc. Others, on the contrary, 
Such as radio, television or sometimes film, do not display the 
characteristics mentioned. There is certainly automation but it 
ceases to be the basis for adapting to the pace of the individual 
Students. And although testings may occur it is not an integral 
part of the learning process, 
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There are, therefore, real differences and it is sometimes imagin- 
ed that there is a division of functions: programmed instruction 
supplying individual learning and audio-visual aids, collective 
learning. If it is envisaged using them together, their use must be 
‘programmed’ and it is programmed instruction which furnishes 
the models for this purpose. Various models are possible depending 
on the role to be filled by programmed instruction and AV respect- 
ively. Let us mention some of these roles and in each case show how 
they are normally filled. 


— Classroom teaching => (AV) 
— Individual teaching — (PI) 
— Illustration after the lesson — (AV and to a lesser 
extent PI) 
— Additional coaching before or after the 
lesson — (PI, AV) 
— Teaching 'at a distance' (longa manu) — (PI, AV) 
— Testing learning — (PI) 
— Built-in testing — (PI) 
— Simulated situations — (PI, AV) 
—  Simulated dialogues — (PI + AV) 
etc. 


If we want to combine various functions in the teaching of a 
given subject, it is possible to produce an elaborate plan which 
provides for the use of one or other means. On this basis any 
number of possibilities may be imagined. But the combination 
of two sorts of technologies necessarily entails programming 
their use, whatever the type of combination chosen. The intro- 
duction of programmed instruction brings to light still further 
requirements and in particular the need for continual testing. 
If, for example, a televised lesson is to be used, it is vital to be 
certain that the pupils have the necessary background to follow it, 
and afterwards those who have got left behind will have to be 
allowed to catch up before going on to a programmed sequence 
or a new collective lesson. 


Comments. Teachers may wonder why a combination of technologies 
rather than their complete integration is suggested. It might be 
thought desirable, for example, to produce a programmed 
television broadcast, or carry out the collective study of a learning 
sequence. There is nothing against such experiments, but the 
‘integration’ achieved will be in name only. For if the content 
and the pace of the learning cease to be that of the individual 
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student, we are no longer dealing with programmed instruction. 
But although the label may be wrong, is it not possible to suppose 
that such attempts might produce something positive? It is difficult 
to answer such a question decisively. There have been experiments 
which have not produced very convincing results. To provide 
sufficient time for the slowest students to answer, the speed of a 
television broadcast must be reduced and silences and interruptions 
must occur. By trying to make allowances for the individual 
student’s rate of progress the unity of the broadcast and its own 
intrinsic rhythm is destroyed. 


We have spoken of combining means without giving any example 
or model. The omission is deliberate and inevitable. The number 
of models is legion, but, as we have seen, their principles are very 
simple: it is easy to imagine a general plan combining different 
techniques worked out according to the teaching aims of a given 
project. In detail, everything depends on the factors taken into 
account, and these and the relevant criteria vary from situation to 
situation, A model, even if it is presented as an illustration, tends 
to be regarded as a pattern or exempler by those to whom it is 
shown. On the other hand, the elaboration of a model adapted 
to local needs can be an excellent exercise in group thought. As 
in the production of a sequence, the different tasks must be separat- 
ed. The general outline and then the detailed plan are worked 
out with total disregard for materials, costs, etc. These will only be 
considered once all the requirements have been defined. 

Specialists in audio-visual technology recognize that program- 
ming usefully disciplines their thoughts and ideas. There is no doubt 
that training in programmed instruction must be included in the 
training for other technologies. Thus, just as it is true that certain 
functions are specific, so it is also true that their combined use 
requires a uniform training with emphasis on a particular techno- 
logy according to the desired field of specialization. But initially 
all budding specialists should undertake certain basic studies in 
common; this gives them sufficient understanding of the techno- 
logies in which they have not chosen to specialize to be able to 
communicate with one another and thus work out these models 
to which each will be able to contribute according to his skills. 
(Diagram 2.) 

Once again it is in the sphere of training that the first benefits of 
programmed instruction are felt, even though what is being 
considered is its large-scale use in the class-room. This further serves 
mai, ee to use programmed instruction without any 

In no circumstances be justified. 
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Secondary effects 


In our discussion of methods we have until now only mentioned 
the consequences brought about by the new approach to syllabuses 
and the form in which they are put for teaching purposes. There 
are, however, other results affecting the framework within which 
the teaching is provided: time-table, allocation of subjects, levels, 
etc. These stem from the primary effects and for this reason are 
called ‘secondary’. In fact they give rise to so many difficulties 
that they often end up by actually determining in what form or 
circumstances a new technology is launched. 

All these consequences stem from individualization. Since this is 
based on the rate of progress and not on the demands of the syllabus, 
it breaks down the normal framework in which students are 
taught. This is scarcely surprising! Neither the framework nor the 
teachers trained to provide individualized teaching are in fact 
made for that purpose, so that a link at a time, by a chain reaction 
which it is easy to trace, the framework is gradually weakened. 


Time-tables. A class of thirty pupils is studying a programmed 
sequence. The first pupil was able to finish the sequence in half an 
hour whereas the last needed one hour five minutes. To make 
the whole class wait for the latter to finish before going on to the 
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Mathematics Natural history 
г a= m 
Andrew p 
James 
Paul 
9.0 a.m. 9.30 a.m. 9.45 a.m. 10.05 a.m. 
Fic. 33. 


next lesson would, in fact, be feasible since each pupil would have 
been allowed to go at his own speed. But if from one lesson to the 
next the whole class must go at the speed of the slowest then the 
‘idle time’ for those who are waiting is liable to be filled in a manner 
somewhat distracting to the rest. 

A time-table composed of a series of one-hour periods is no longer 
suitable now that the pace of learning can be varied; such a 
time-table is, indeed, an obstacle to fast learners. The problem 
is therefore how to adapt the time-table to individual rates of 
progress. 

Let us take, as an example, a first-year secondary class, including 
three boys called James, Andrew and Paul. They are studying 
mathematics, and they sit down to programmed lesson No. 4 on 
Monday at g a.m. Andrew finishes the lesson at 9.30 a.m., James 
at 9.45 a.m. and Paul at 10.05 a.m. (Fig. 33). 

The mathematics lesson is followed by a natural-history lesson 
including practical work, which all pupils must attend. Must 
Andrew then wait 35 minutes in between, and James 20? 

Something must be done to use the ‘idle time’. There are 
several possible solutions: Andrew and James can fill in by going 
on with the study of mathematics; they could be given the chance 
to use the extra time they have gained from their progress in mathe- 
matics in order to catch up in their weaker subjects, geography or 
grammar, for instance; or they could be left to help their slower 
classmates. All these solutions are feasible; the only snag is that 
in practice any such system is difficult to arrange, owing to the 
vast number of possible permutations and combinations. This 
opens up the prospect of a school in which pupils apply the 
knowledge they have acquired in accordance with their needs, 
aptitudes or achievements. It is interesting to speculate how such 
an establishment would function in the absence of any restrictions 
and removed from any economic or social context; the ‘systems 
thus devised would have the advantage of being conceived 
before the pressure of requirements makes itself felt. The reforms 
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which these latter necessitate (often belatedly) might well be 
modelled on such systems with the participation of the teaching 
profession. 

Meantime we have the existing classes, in charge of the existing 
teachers. Pending the introduction of the ideal teaching system, 
which will use every means to enable each individual pupil 
to acquire by ‘self-instruction’ all the knowledge he needs, it is 
the teachers’ job to devise an interim method which, though not 
yet going so far as enabling pupils to teach themselves, at least 
provides the maximum scope for individual adaptation. 

The grammar hour will overlap the arithmetic or geography 
hour until, in the end, the division into one-hour periods is 
scrapped. Those who have worked in single-teacher schools 
attended by children whose ages range from 6 to 12 will know 
what this means, whereas single-subject teachers will not; it 
necessitates a great deal of team-work, allocation of tasks, and so 
on. The teachers of the various subjects will need to co-ordinate 
in order to decide on the syllabus offered to each individual 
pupil. The planning of the syllabus will depend on the pupil’s 
results in tests. In the last resort, the method used for collecting 
and interpreting such data and applying the relevant conclusions 
to the subsequent stage, determines the basic character of the 
proposed teaching system. Programmed instruction may be said 
to be pluridisciplinary in regard to the elaboration of sequences, 
but multidisciplinary at the application stage. 

Adapting the rate of progress to individual needs means that 
there may be times when the members of a class will be working 
on different things, others when they are all working together. 
Time-tables should be so arranged that pupils are able to split up 
into groups, or to pass on to another activity directly they have 
finished what they are doing. There should be a wide range of 
activities, arranged in such a way as to give variety. Care should 
be taken, for instance, not to give pupils a series of programmed 
sequences to study the whole morning without a break; they should 
be sandwiched between periods spent on other activities, of a 
different nature or requiring less concentration. All existing 
teaching methods can be brought into play: active methods, 
activities designed to arouse children’s interest, observation 
lessons and so on. 

As regards methods, therefore, individual needs are catered for 
by the introduction of diversity and variety. This involves close 
co-ordination of the work of the teachers, who are thus obliged 
to submit to a minutely organized system in order to provide a 
wide range of individual possibilities for their pupils. It might 
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almost be said that the more freedom they give their pupils, the 
less they leave themselves. 


CONCLUSIONS 


The introduction of a technique such as that of programmed 
instruction—more particularly, a combination of several tech- 
niques—involves complex reorganization, raising even greater 
difficulty, perhaps, than the production of the programmed 
sequences. Yet the importance of this aspect of the problem is 
frequently underestimated, it being regarded rather as an adminis- 
trative problem which is bound to come right in the end. But this 
is in fact not so, and programmed instruction projects may 
quickly collapse or fail to bring about any change of attitude, 
unless allowances are made for the repercussions of this new 
system on the everyday life of the class. А 

The whole system is based on the methods used for testing that 
the material has been learnt, and on adapting further instruction 
to the results of such tests. Though an over-all, co-ordinated plan 
of work must be drawn up, there is no question of adhering 
blindly to it. On the contrary, the plan must make provision for 
recording and taking into account the results of the tests, in order 
to adapt the contents and methods of the subsequent stage to 
the pupils’ needs. 

"Thus considerable preparatory work will be entailed: program- 
ming, training teachers, giving pupils the necessary background 
information. Many factors are involved, complicating the task. 
The result is that a programmed instruction project is always 
something of an adventure; and, this being so, it is obviously 
expedient to plan it in stages. Before applying the system on а 
general scale, it must pass through experimental and initial 
stages. "This was the procedure adopted for the Unesco project 
launched in 1967 in four French-speaking countries of Central 
Africa [3]. 

No discussion of programmed instruction would be complete 
Which left aside all these problems. It is worth while paying 
special attention to them, for the need for collective organization 
and regular co-ordination makes it imperative to abandon wait- 
and-see attitudes and the habit of muddling through. If future 
teachers were brought to realize this fact, when drawing up a 
detailed plan as part of their practical work syllabus, the training 
value of programmed instruction would be further vindicated, 

Apart from the organization of teaching, however, there is also 
the problem of material organization. 
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MATERIAL ORGANIZATION 


Whether programmed instruction is to be used alone or in combi- 
nation with other auxiliary teaching methods, the production of 
teaching materials presupposes a complex infrastructure: there is 
not only the production of the actual teaching aids and the 
‘teaching machines’, but also the organization of training courses 
to teach people how to use them. 


AIDS AND DEVICES 


Programmed sequences must be presented to pupils in some 
form. A whole series of aids already exists, ranging from the 
simplest to the most highly complex, so numerous and varied as 
to make description and classification difficult. The choice of aids 
depends on a number of factors: cost, functions to be fulfilled, 
maintenance. But it is not yet possible to determine what type of 
aids or devices might be economic and advantageous in function 
of one’s budget and one’s needs. 

So far, the simplest aids are still programmed books and work- 
books, which have the advantage of fulfilling all the functions 
demanded of programmed instruction without requiring any 
maintenance. In addition, they are easy to handle and would 
appear to be cheap to produce. In point of fact, the position 
needs to be examined more closely. 

During the early stages of the Central African project, the 
work-book provided an adequate solution. But the limitations of 
this technique soon became apparent. During the 1969/70 school 
year, the plan was for each of 500 pupils in the first grade of 
general secondary schools to study approximately seventy program- 
med lessons. This involved the production of about 1,000 stencils, 
totalling 400,000 sheets of paper (weighing over a ton!) And the 
whole process of typing and rolling off the stencils—to say nothing 
of page-numbering, trimming and stapling—would have to be 
repeated every year. If the number of pupils rose, in these condi- 
tions, to several thousand, we can just imagine the cost of all 
these operations, to be repeated every year, and the weight of the 
resulting production. 

The solution to this problem is to present the sequences in such 
a form that they can be used again. The simplest way would 
obviously be to get pupils to write their answers on separate sheets 
of paper. 

But a great number of mistakes are made and this system 
would make it more complicated to assess the results, besides 
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making an unwarranted additional call on the pupils’ attention. 
Research is at present being carried out on the possibility of 
using work-books made of special materials, such that pupils’ 
responses can easily be erased. In this case, the same sequences 
could be used several times, and it would no longer be neccessary 
to provide a separate work-book for each pupil. A set of sequences 
would be issued not to a certain group, but to a whole class; 
and it would be possible to envisage libraries containing sets of se- 
quences, constantly available for use (thirty copies of one sequence 
would weigh less than two kilograms). There are grounds for 
hoping that some solution of this kind will soon be found. Techni- 
cally, it presents no major problems. As regards cost, it appears to 
be a good deal cheaper than the mimeograph method (the cost 
would be less than one-fifth). 

However, a certain initial outlay on staff, equipment and 
material is unavoidable. The actual production should preferably 
be concentrated in one place, or in a few places only. This involves 
setting up a system for distribution of the sequences to outlying 
schools, which again means careful organization. Because we 
have neglected these so-called minor considerations, expecting 
programmed instruction in itself to produce miraculous solutions, 
we have very often failed to take advantage of the facilities it 
offers. It is essential to combat the idea that the introduction of a 
new technique consists primarily in bringing about a change in 
attitudes and methods. Those who take this view wait to see the 
results before granting the requisite resources. And they will 
always prove right, since there can be no results; such results as 
there are must inevitably be scant and unconvincing until such 
time as all the material conditions needed for success are fulfilled. 
Yet we know very well that no technological innovations can 
regenerate education, either qualitatively or quantitatively, 
unless the requisite resources are made available from the outset. 

We have made it amply clear that the success of the new method 
depends on the care taken to ensure the best possible conditions 
before embarking on it. We must apologize for labouring this 
point, which is a truism, but which people appear to have difficulty 
accepting: if there is to be programming in the two senses we have 
described, all decisions relating to the form of the programme and 
the means to be used for implementing it must be taken in advance. 

There are of course available teaching aids and devices other 
than books or work-books; the cost of purchasing them in sufficient 
bulk for large-scale use will depend on the terms that can be 
obtained from the manufacturers. But this brings us into the 
business sphere where, as we know, each new deal has to be 
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negotiated separately. Tenders will have to be invited for the 
supply of each specific item of material, whereas books and work- 
books can be obtained without direct recourse to the manu- 
facturers. 

The obvious drawback of using simple aids is that the quantity 
of material that has to be checked assumes considerable propor- 
tions, so that hand-processing takes too long for the objectives 
to be adjusted sufficiently quickly. Yet the aim is, precisely, to 
eliminate this delay, this time-lag between the moment when 
results are checked and the moment when the appropriate 
adjustments are made. It is at this point that the machine for 
rapid information processing, the computer, comes into its own; 
indeed, for any large-scale project on the technology of teaching 
it is a sine qua non. At the same time, the computer is an all-purpose 
machine capable of fulfilling a variety of functions and it can 
be used, in teaching, for so many different purposes that any 
attempt to describe them all would fill a book in itself. Suffice it 
to say that the use of the computer in teaching raises the same 
difficulties as those raised by the use of programmed instruction 
as such. And in the training which it necessitates, the requirements 
and the obstacles are the same as those to which we have already 
referred. It is for this reason that we are convinced that teachers 
versed in the use of one technique only cannot be said to be fully 
trained: they need to be trained in the use of all techniques, even 
though in practice they may only have to use one. 


PREPARATION FOR TEAM-WORK 


We know already what programming involves in regard to the 
formation of teams and the organization of their activities; and 
there is no point in reverting to this subject again. Nevertheless, 
the preparatory activities entailed may seem daunting when it is 
proposed, in the face of the urgent need to give teachers time off 
in order to train in the use of these new methods, or to divert for 
the purpose material resources which have already been fully 
committed. 

Preliminary courses for groups of about thirty teachers can easily 
be organized by two or three teacher-educators. Such courses can 
be incorporated in the training programme for student-teachers 
at teacher training colleges. The basic theories and techniques can 
be learned in a matter of about ten days. Most teachers’ difficulties 
stem not from this, but from insufficient mastery of their special 
subjects. The first qualification for would-be programmers 
must be a high degree of competence in their own subjects; and 
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the persons chosen to form the first teams of programmers will be 
selected on this basis. They will then receive more thorough 
training in the new techniques, studying all the difficulties encount- 
ered, and covering every aspect of the work, from the production 
of the requisite aids right through to methods of utilization. Such 
training need take little more than a month or two. 

On the other hand, production of the first experimental aids 
requires time, the formation of trial classes, and rational practical 
organization. The experiment carried out in Central Africa is an 
example of what is involved.! A number of teachers need to 
devote their time to these activities, working in regular contact 
with the authorities. Meantime, information on the new methods 
can be made available to the future users of the system, the rest of 
the school-age population and parents. All the resources of mass- 
communication media should be brought into action in order to 
prepare the ground for introduction of the new techniques: 
television and radio, surely, are the obvious channels to use for 
proclaiming the entry of technology into the class-room. 

And so, after denouncing the publicity which surrounded 
programmed instruction in its early stages, we now find ourselves 
suggesting that teachers should organize a campaign to publicize 
their activities in this field! But in suggesting that they should take 
on new tasks and new responsibilities, we have no intention of 
turning teachers into salesmen, extolling the virtues of their 
goods. The proof of programmed instruction lies solely in what it 
does to improve the quality of education for the greatest possible 
number. 
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CONCLUSIONS 


Programmed instruction is based on a wide variety of theoretical 
studies and gives rise in practice—as evidenced by the diversity 
of the techniques used—to numerous variants. The prospects it 
offers are, at first glance, neither clear nor particularly exciting: 
there is a wide gap between the promises of rigorous exactitude 
held out by its proponents and the empiricism of the techniques 
adopted in practice. No attempt has been made to conceal the 
shortcomings and imperfections of the method; but it has also 
been pointed out that in many cases the criticisms directed at 
such shortcomings have served to stimulate the inventiveness 
of specialists in one field or another, or induced them to undertake 
further research. It may be, however, that these same specialists, 
in an effort to attain greater exactitude through the use of new 
procedures and highly sophisticated devices, divert attention 
from some of the points which programmed instruction has 
shown to be vital. There is, for instance, a growing tendency 
to give priority to ‘teaching machines’ and their technology, as 
though the teaching tasks to be entrusted to these machines had 
also to be determined and analysed through the medium of the 
machines. While there is legitimate ground for concern at these 
tendencies, this should not be taken as an argument against 
programmed instruction. It is in regard to programmed instruction 
that the problems of the ‘technology of education’ appear most 
vividly and also perhaps that their actual dimensions can best be 
appreciated. But this by no means implies that it is at the root of 
these problems. 

It is here, in our opinion, that the main importance of pro- 
grammed instruction lies: it helps teachers to clarify the problems 
confronting members of their profession in the present-day world. 
The critical reflections prompted by the work of programming 
for new experiments lead to a re-consideration, not merely of the 
methods, means or content of education but also of the aims. 
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It is thus apparent that, whilst programmed instruction serves 
to draw attention to the numerous points still remaining obscure, 
it is not responsible for this obscurity. The problems still out- 
standing are essentially prior to it or posterior. The former 
category comprises such problems as the definition of over-all 
aims, a decision on the means to be employed for teaching the 
various subjects and the study of learning techniques; the latter 
includes determination of the equipment needed for attaining 
the aims selected (teaching aids and devices), training teachers 
to use such equipment and the best policy for introducing and 
developing the new teaching techniques. Solution of these prob- 
lems will necessitate the formation of interdisciplinary teams, 
as opposed to the pluridisciplinary work involved in instruction 
in class. Lastly, it will be expedient, in the interests of greater 
efficiency, to integrate the functions of all persons who, in whatever 
capacity, are concerned with the care of pupils: i.e. not only the 
actual teachers, but also directors of schools, inspectors, teacher- 
educators and the national planning authorities. 

It may be argued that all this relates to the future. But here 
and now programmed instruction, as presented above, can offer 
a solution for certain very specific local problems on condition 
that it is required to meet only limited needs, not implying any 
change in the main lines of the educational policy. As soon as 
wider needs are involved, however, it is essential to have an 
over-all plan, defining the functions of everyone concerned— 
teachers, administrators, teacher-educators, instructors, psycho- 
logists and research workers—within a coherent system. The 
‘programming’ of the operation of this system corresponds, 
though on a different plane, to the ‘programming’ of the actual 
process of instruction. 

Let us pause for a moment to examine the above remarks, the 
burden of which will be familiar to any teacher desirous of change. 
They throw light on two extremely important ideas. The first of 
these recalls the results of G. Simondon’s analyses of technical 
objects and their mode of existence [1]. Simondon demonstrates 
that a technical object ‘materializes’ to the extent that the functions 
it fulfils become increasingly interdependent. This is the kind of 
interdependence we should have in mind when devising a teaching 
‘system’ which ‘programmes’ the attainment of its objectives 
through the utilization of technical auxiliaries in the form of mach- 
ines. If the rational introduction of these techniques into educa- 
tion is visualized in this way, the training of teachers must clearly 
include some instruction in the use of the technical objects which 
will be part and parcel of the everyday world of pupils in the future. 
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The second important idea is in line with the reflections of 
Jean Piaget, who holds that teaching continues to be an art in so 
far as it draws on and uses the results of the sciences. The main 
problems encountered in teaching stem from these sciences, so 
that teaching cannot claim to be an autonomous science itself. 
But this does not mean that the art of teaching cannot be studied 
in accordance with the rules of scientific method [2]. It may be 
said that programmed instruction is designed precisely for the 
investigation of this field, mid-way between the problems described 
above as prior and posterior. If this is so, it is easy to understand 
both the importance research workers attach to it and the large 
number of studies carried out on and through it. To take an 
example suggested by Piaget himself, the definition of the ‘techno- 
logy of education’, it was only after long discussions—and there 
may be more to come—that a means was found to distinguish in 
technology between what concerns the actual tools and consi- 
derations relating to their nature, functions and rational usage. 
We now know that tools may be simple objects—wooden sticks, 
pebbles, containers, imaginary machines—the manipulation of 
which is a stage in the formation of logical operations. The utili- 
zation of these tools likewise entails a technology involving their 
functional usage and their suitability for attaining the concep- 
tualized goals initially aimed at. At a time when many countries 
are concerned, for instance, with the problem of initiating children 
into the modes of thinking peculiar to information science, we 
realize that the computer is not indispensable: use of an imaginary 
‘machine’ designed on the basis of consideration of the functions it 
is intended to fulfil, can suffice to prepare children to feel perfectly 
at home, later on, in the computer world. It is surely to the techno- 
logy required for this kind of training that the prospects opened up 
by the new programming techniques invite us. 
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